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(54) Title: NUCLEOSIDE DERIVATIVES AS INHIBITORS OF RNA-DEPENDENT RNA VIRAL POLYMERASE 

Ifi (57) Abstract: The present invention provides nucleoside derivatives which are inhibitors of RNA -dependent RNA viral polymerase. 
** — These compounds are inhibitors of RNA-dependent RNA viral replication and are useful for the treatment of RNA -dependent RNA 
j£j viral infection. They are particularly useful as inhibitors of hepatitis C virus (HCV) NS5B polymerase, as inhibitors of HCV repli- 
cation, and/or for the treatment of hepatitis C infection. The invention also describes pharmaceutical compositions containing such 
^ nucleoside derivatives alone or in combination with other agents active against RNA-dependent RNA viral infection, in particular 
J> HCV infection. Also disclosed are methods of inhibiting RNA-dependent RNA polymerase, inhibiting RNA-dependent RNA viral 
^ replication, and/or treating RNA-dependent RNA viral infection with the nucleoside derivatives of the present invention. 
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TITLE OF THE INVENTION 
HELD OF THE INVENTION 

• , t , _ llKpre ^ nti,,ven ' i< »'I m >«d e s nucleoside derivatives which are 
^ofRNA^pe.dee.RNAvindpoivr.e^. Tbeaecon^nds exhibitors 
^■dependent RNA vioa. rephcaoo, and ate uaeful fa the hcatmen, ofRNA- 

BACKGROUND OF THE INVENTION 

H ^sC virus (HCWect^^ 
to chrome bver disease, such as drrhosis andhepato C eDularca rc inla,i Iia 

estimated to be 2-1596 of the world's 
popahmon. Thoeareaoestoated^ mffion infected peoplelu the Wed States 

Hedm Organtaabon, .here are more than 200 million infected individuals worldwide 

of people clear the vans, hot the tea. harbor HCV the «, „, their lives. Ten ,o mmy 
pemen, of chronieaUy infected individuals evenhndly ^ BKwtato ^ ^ 

^^TZT *" *~ ' ! ^"P^-nybycomaminL 

----^^ta.oto^ CunentdeotmentsforHCV 
mfeton, wbrch are reacted to immunorhempv wtth recombinant interferons „<« 
or to combtnatton wtth the nncleoside analog rfbavU,, m of limiMd ^ 

^ver,d,e rei s»esUb Us hedv^ i neforHCV.Conse< 1 ue„U y , [hereisanni8Hlt 

The ante of the an ,n me treatment of HCV infection has been reviewed, and 
ref^isnmdetomefonowtagpubheation* B. Dymock, et aL "Novel 
approaches to the treahnen. of hepadbs C virus infecdon," Andviral Che mi . n a> 
CtaESteraB:, 1 , ; 79-96 (2000); a Rosen, « "Hepadda C vims: ^7" 

399 (1999), D. Moradpour, et <L, "Cunen. turf evolving therapies fo, hepadtia C - 
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European J. Gastroenterol Hepatol. . 11: 1189-1202 (1999); R. Bartenschlager, 
"Candidate Targets for Hepatitis C Virus-Specific Antiviral Therapy," Intervirology. 
40: 378-393 (1997); G.M. Lauer and BD. Walker, "Hepatitis C Virus Infection," K 
Engl. J.Med .. 345: 41-52 (2001); B.W. Dymock, "Emerging therapies for hepatitis C 
5 virus infection;* Emerging Drugs . 6: 13-42 (2001); and C. Crabb, "Hard-Won 
Advances Spark Excitement about Hepatitis C " Science : 506-507 (2001); the 
contents of all of which are incorporated by reference herein in their entirety. 

Different approaches to HCV therapy have been taken, which include 
the inhibition of viral serine proteinase (NS3 protease), helicase, and RNA-dependent 

10 RNA polymerase (NS5B), and the development of a vaccine. 

The HCV virion is an enveloped positive-strand RNA virus with a 
single oligoribonucleotide genomic sequence of about 9600 bases which encodes a 
polyprotein of about 3,010 amino acids. The protein products of the HCV gene 
consist of the structural proteins C, El, and E2; and the non-structural proteins NS2, 

15 NS3, NS4A and NS4B, and NS5A and NS5B! The nonstructural (NS) proteins are 
believed to provide the catalytic machinery for viral replication. Hie NS3 protease 
releases NS5B, the RNA-de£endent RNA polymerase from the polyprotein chain. 
HCV NS5B polymerase is required for the synthesis of a double-stranded RNA from 
a single-stranded viral RNA that serves as a template in the replication cycle of HCV. 

20 NS5B polymerase is therefore considered to be an essential component in the HCV 
replication complex [see K. Mi, et al., "Expression of Hepatitis C Virus NS5B 
Protein: Characterization of Its RNA Polymerase Activity and RNA Binding," 
Hepatology . 29: 1227-1235 (1999) and V. Lohmann, et al., "Biochemical and Kinetic 
Analyses of NS5B RNA-Dependent RNA Polymerase of the Hepatitis C Virus," 

25 Virology . 249: 108-1 18 (1998)]. Inhibition of HCV NS5B polymerase prevents 
formation of the double-stranded HCV RNA and therefore constitutes an attractive 
approach to the development of HCV-specific antiviral therapies. 

It has now been found that nucleoside compounds of the present 
invention and certain derivatives thereof are potent inhibitors of RNA-dependent 

30 RNA viral replication and in particular HCV replication. The 5'-triphosphate 

derivatives of the nucleoside compounds are inhibitors of RNA-dependent RNA viral 
polymerase and in particular HCV NS5B polymerase. The instant nucleoside 
compounds and derivatives thereof are useful to treat RNA-dependent RNA viral 
infection and in particular HCV infection. 
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. It is therefore an object of the present invention to provide nucleoside 
compounds and certain derivatives thereof which are useful as inhibitors of In- 
dependent RNA viral polymerase and in particular as inhibitors of HCV NS5B 
polymerase. 

It is another object of the present invention to provide nucleoside 
derivatives which are useful as inhibitors of the replication of an RNA-dependent 
RNA virus and in particular as inhibitors of the replication of hepatitis C virus. 

It is another object of the present invention to provide nucleoside 
compounds and certain derivatives which are useful in the treatment of RNA- 
dependent RNA viral infection and in particular in the treatment of HCV infection 

It as another object of the present invention to provide pharmaceutical 
compositions comprising the novel compounds of the present invention in association 
with a pharmaceutical^ acceptable carrier. 

It is another object of the present invention to provide pharmaceutical 
compositions comprising the nucleoside compounds and derivatives thereof for use as 

HCV NS5B polymerase, z 

It is another object of the present invention to provide pharmaceutical 
compositions comprising the nucleoside compounds and derivatives thereof for use as 
inhibitors of RNA-dependent RNA viral replication and in particular as inhibitors of 
HCV replication. 

It is another object of the present invention to provide pharmaceutical 
compositions comprising the nucleoside compounds and derivatives thereof for use in 
the treatment of RNA-dependent RNA viral infection and in particular in the 
25 treatment of HCV infection. 

It is another object of the present invention to provide pharmaceutical 
compositions comprising the nucleoside compounds and derivatives thereof in 
combination with other agents active against an RNA-dependent RNA virus and in 
particular against HCV. 

30 ItisMO * erob i^ofmepr^ 

inhibition of RNA-dependent RNA viral polymerase and in particular for the 
inhibition of HCV NS5B polymerase. 

It is another object of the present invention to provide methods for the 
inhibition of RNA-dependent RNA viral replication and in particular for the inhibition 
of HCV replication. 



20 
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It is another object of the present invention to provide methods for the 
treatment of RNA-dependent RNA viral infection and in particular for the treatment 
of HCV infection. 

It is another object of the present invention to provide methods for the 
5 treatment of RNA-dependent RNA viral infection in combination with other agents 
active against RNA-dependent RNA virus and in particular for the treatment of HCV 
infection in combination with other agents active against HCV. 

. It is another object of the present invention to provide nucleoside 
compounds and certain derivatives thereof and their pharmaceutical compositions for 
10 use as a medicament for the inhibition of RNA-dependent RNA viral replication 

and/or the treatment of RNA-dependent RNA viral infection and in particular for the 
inhibition of HCV replication and/or the treatment of HCV infection* 

It is another object of the present invention to provide for the use of the 
nucleoside compounds and certain derivatives thereof of toe present invention and 
15 their pharmaceutical compositions for the manufacture of a medicament for the 
inhibition of RNA-dependent RNA viral replication and/or the treatment of RNA- 
dependent RNA viral infectibn and in particular for the inhibition of HCV replication 
and/or the treatment of HCV infection. 

These and other objects will become readily apparent from the detailed 
20 description which follows. 

SUMMARY OF THE INVENTION 

The present invention provides a method for inhibiting RNA- 
dependent RNA viral polymerase, a method for inhibiting RNA-dependent RNA viral 
25 replication, and/or a method for treating RNA-dependent viral infection in a mammal 
in need thereof, comprising administering to the mammal a therapeutically effective - 
amount of a compound of structural formula I which is of the stereochemical 
configuration: 




k 3 h 2 
(i) 
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or a pharmaceutically acceptable salt thereof; 
wherein B is selected from the group consisting of 



1ST IJ V N l| J R 8 -< 

■*L -v^L ^ 





R 7 



and 



A, G, and L are each independently CH or N; 
.5 D is N, CH, C-CN, C-N0 2 , C-QJs alkyl, C-NHCONH 2 , C-CONRllRll 

C-CSNRllRll, C-COORl 1', C-C(=NH)NH 2 , C-hydroxy, C- Cl _ 3 alkoxy, C-annno, 
C-C M alkylamino, C-di(C M alkyl)amino, C-halogen, C-d.S-oxazol^-yl), C-(l 3- 
thiazol-2-yl), or C-(imidazol-2-yl); wherein alkyl is unsubstituted or substituted with 

E is N or CR5; 
WisOorS; 

Y is H, Ci-io alkylcarbonyl, P3O9H4, P2O6H3, or P(O)R9r10 ; 
Rl is hydrogen, C 2 A alkenyl, C 2 -4 alkynyl, or C M alkyl optionally substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms and one of R2 and R3 is hydroxy or C M 
alkoxy and the other of R 2 and R 3 is selected from the group consisting of 
hydrogen, 
hydroxy, 
halogen, 

C1-4 alkyl, optionally substituted with 1 to 3 fluorine atoms, 
Ci-io alkoxy, optionally substituted with Cm alkoxy or 1 to 3 fluorine 
atoms, 

C2-6 alkenyloxy, 
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Ci-4 alkylthio, 

Ci-8 alkylcarbonyloxy, 

aryloxycarbonyl, 

azido, 

5 amino, 

Ci-4 alkylamino, and 
di(Ci_4 alkyl)amino; or 
R2 is hydrogen, C2-4 alkenyl, C2-4 alkynyl, or Ci-4 alkyl optionally substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms and one of Rl and R3 is hydroxy or Ci-4 
10 alkoxy and the other of Rl and R3 is selected from the group consisting of 
hydrogen, 
hydroxy, 
halogen, 

C1-4 alkyl, optionally substituted with 1 to 3 fluorine atoms, 
15 Cmo alkoxy, optionally substituted with hydroxy, Ci-3 alkoxy, caiboxy, or 1 

to 3 fluorine atoms, \ 

C2-6 alkenyloxy, "i 

C1-4 alkylthio, 

Ci-8 alkylcarbonyloxy, 
20 aryloxycarbonyl, 

azido, 

. amino, 

Ci-4 alkylamino, and 
di(Ci-4 alkyl)amino; or 
25 Rl and R2 together with the carbon atom to which they are attached form a 3- to 6- 
membered saturated monocyclic ring system optionally containing a heteroatom 
selected from O, S, and NQ)-4 alkyl; 

R4 and R6 are each independently H, OH, SH, NH2, C1.4 alkylamino, di(Ci-4 
alkyl)amino, C3.6 cycloalkylamino, halogen, Ci-4 alkyl, C1.4 alkoxy, or CF3; 
30 R5 is H, Ci-6 alkyl, C2-6 alkenyl, C2-6 alkynyl, alkylamino, CF3, or halogen; 
Rl4 is H, CF3, C1-4 alkyl, amino, Ci-4 alkylamino, C3-6 cycloalkylamino, or 
di(Ci-4 alkyl)amino; 

R7 is hydrogen, amino, Ci_4 alkylamino, C3-6 cycloalkylamino, or 
di(Ci-4 alkyl)amino; 
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each Rl 1 is independently H or Ci-6 alkyl; 

R8 is H, halogen, CN, carboxy, C M alkyloxycarbonyl, N 3 , amino, C M alkylamino 
di(C M alkyDamino, hydroxy, Ci. 6 alkoxy, alkylthio, C W alkylsulfonyl, or ' 
(Ci -4 alkyl)o-2 aminomethyl; 

R12 and R13 are each independently hydrogen, methyl, hydroxymethyl, or 
fluoromethyl; and 

R9 and RIO are each independently hydroxy, OCH 2 CH 2 SC(=0)C M alkyl 
OCH 2 0(C=0)OC M alkyl, NHCHMeCOsMe, OCH(C M alkyl)0(C=0)C ! M alkyl, 



0(CH2) 9 CH 3 0i OCO(CH2) 14 CH 3 



l3 



with the provisos that (a) when Rl is hydrogen, one of R 3 and R4 is hydrogen and R 2 
^ fluoro then the other of R3 and R4 is not hydrogen> ha]ogen> muommethyh 
alkyl, ammo, C M alkylamino, di(C^ alkyl)amino, or C M0 alkoxy, (b) when 
Rl is hydrogen, one of R3 and R4- is hydrogen, and R2 is halogen, hydroxy, Ci-6 
alkoxy, or C 2 - 6 alkenyloxy, then the other of R 3 and R 4 is not hydrogen, fluoro, or 
azido; and (c) when Rl and R3 are hydrogen and R2 is hydroxy, then R4 is not ' 
hydroxy. 

The present invention also provides novel compounds of structural 
formula IV of the indicated stereochemical configuration which are useful as 
inhibitors of RNA-dependent RNA viral polymerase. The compounds of formula IV 
are also inhibitors of RNA-dependent RNA viral replication and are useful for the 
treatment of RNA-dependent RNA viral infection: 




k* ft 2 
(IV) 

wherein B is selected from the group consisting of 
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A, G, and L are each independently CH or N; 

D is N, CH, C-CN, C-NO2, C-C1-3 alkyl, C-NHCONEfe, C-CONRllRll, 
C-CSNRllRH, C-COORll, C-C(=NH)NH2, C-hydroxy, C-C1.3 alkoxy, C-amino, 
5 C-C1-4 alkylamino, C-di(C]U alkyl)amino, C-halogen, C-(l»3-oxazol-2-yl), C-(l,3- 
thiazol-2-yl), or C-(imidazol-2-yl); wherein alkyl is unsubstituted or substituted with 
one to three groups independently selected from halogen, amino, hydroxy, carboxy , 
and C1-3 alkoxy; 

E is N or CR5; 
10 WisOorS; 

Rl is hydrogen, C2-4 alkenyl, C2A alkynyl, or C1-4 alkyl optionally substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms and one of R2 and R3 is hydroxy or Ci-4 
alkoxy and the other of R2 and R3 is selected from the group consisting of 
. hydrogen, 
15 hydroxy, 
halogen, 

C1-4 alkyl, optionally substituted with 1 to 3 fluorine atoms, 

Cuo alkoxy, optionally substituted with C1-3 alkoxy or 1 to 3 fluorine 

atoms, 

20 C2-6 alkenyloxy, 

C1.4 alkylthio, 
C 1 .8 alkylcarbonyloxy, 
aryloxycarbonyl, 
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azido, 
amino, 

Ci-4 alkylamino, and 

di(Ci_4 alkyl)amino; or 
5 R2 i s hydrogen, C 2 -4 alkenyl, C 2 -4 alkynyl, or C1.4 alkyl optionally substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms and one of Rl and R3 is hydroxy or Ci-4 
alkoxy and the other of Rl and R3 is selected from the group consisting of 

hydrogen, 

hydroxy, 
10 halogen, 

Ci-4 alkyl, optionally substituted with 1 to 3 fluorine atoms, 

Ci-io alkoxy, optionally substituted with hydroxy, Ci-3 alkoxy, carboxy, or 1 

to 3 fluorine atoms, 

C2-6 alkenyloxy, 
15 Ci^4 alkylthio, 

Ci-8 alkylcarbonylofy, . 

aryloxycarbonyl, '■ 

azido, 

amino, 

20 Ci_4 alkylamino, and 

di(C 1 .4 alkyl)arnino; or 
Rl and R2 together with the carbon atom to which they are attached form a 3- to 6- 
membered saturated monocyclic ring system optionally containing a heteroatom 
selected from O, S, and NCo^ alkyl; 

each R4 is independently H, OH, SH, NH 2 , Ci-4 alkylamino, di(C M aIkyl)amino, 
C3-6 cycldalkylamino, halogen, Ci_4 alkyl, C1-4 alkoxy, or CF3; 
R4 and R6 are each independently H, OH, SH, NH 2 , C1-4 alkylamino, di(CM 
alkyl)amino, C3-6 cycloalkylamino, halogen, Ci-4 alkyl, Ci^ alkoxy, or CF3; 
R 5 is H Ci-6 alkyl, C 2 -6 alkenyl, C 2 -6 alkynyl, Ci-4 alkylamino, CF 3 , or halogen; 
30 Rl4 is H, CF3, Ci-4 alkyl, amino, Ci_4 alkylamino, C3-6 cycloalkylamino, or 
di(Ci^ alkyl)amino; 

R7 is hydrogen, amino, Q.4 alkylamino, C3-6 cycloalkylamino, or 
di(Ci_4 alkyl)amino; 

each Rll is independently H or Ci-6 alkyl; 



25 
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R8 is H, halogen, CN, carboxy, Ci_4 alkyloxycarbonyl, N3, amino, Ci-4 alkylamino, 
di(Ci-4 alkyl)amino, hydroxy, C\jS alkoxy, Ci-6 alkylthio, Ci-6 alkylsulfonyl, or 
(Ci-4 alkyl)0-2 aminomethyl; 

Rl2 and Rl3 are each independently hydrogen, methyl, hydroxymethyl, or 
5 fluoromethyl; and 

R9 and RlO are each independently hydroxy, OCH2CH2SC(=0)Ci-4 alkyl, 
OCH20(C=0)OCi-4 alkyl, NHCHMeC02Me, OCH(Ci-4 alkyl)0(C=0)Ci^ alkyl, 

. Ao^Y^ s (° H 2)ii CH a ^C3< N Y^S(CH 2 ) 17 CH8 
0(CH2) 9 CH 3 or OCO(CH 2 ) 14 CH 3 

provided that at least one of R9 and RlO is not hydroxy. 
10 The present invention further provides novel compounds of structural 

formula XII of the indicated stereochemical configuration which are useful as 
inhibitors of RNA-dependent RNA viral polymerase and in particular of HCV NS5B 
polymerase: [ 




R a R c 

(Xfl) 

15 wherein Ra and Rh are each independently selected from the group consisting of 
hydrogen, cyano, azido, halogen, hydroxy, mercapto, amino, C1-4 alkoxy, C2-4 
alkenyl, C2-4 alkynyl, and Cm alkyl, wherein alkyl is unsubstituted or substituted 
with hydroxy, amino, Ci_4 alkoxy, Ci-4 alkylthio, or one to three fluorine atoms; 
Rt> is C2-4 alkenyl, C2-4 alkynyl, or Ci-4 alkyl, wherein alkyl is unsubstituted or 

20 substituted with hydroxy, amino, alkoxy, Cl-4 alkylthio, or one to three fluorine 
atoms; 

Rc is hydrogen, fluorine, hydroxy, mercapto, Ci-4 alkoxy, or Ci-4 alkyl; or Rb and 
Rc together with the carbon atom to which they are attached form a 3- to 6-membered 
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saturated monocyclic ring system optionally containing a heteroatom selected from O 
S, and NQ)^ alkyl; 

Rd is hydrogen, cyano, nitro, Ci_ 3 alkyl, NHCONH 2 , CONRjRj, CSNRjRj, COORj, 
C(=NH)NH 2 , hydroxy, Ci_ 3 alkoxy, amino, C1.4 alkylamino, <B(C w alkyl)amino,' 
halogen, (l,3-oxazol-2-yl), (l,3-thiazol-2-yl), or (imidazol-2-yl); wherein alkyl is 
unsubstituted or substituted with one to three groups independently selected from 
halogen, amino, hydroxy, carboxy, and C1.3 alkoxy; 

Re and Rf are each independently hydrogen, hydroxy, halogen, C 1A alkoxy, amino, 
Cm alkylamino, di(Ci-4 alkyl)amino, C3-6 cycloalkylamino, di(C 3 ^ 
cycloalkyDamino, or cycloheteroalkyl, unsubstituted or substituted with one to 
two groups independently selected from halogen, hydroxy, amino, C14 alkyl, and 
C1.4 alkoxy, 

Rg is hydrogen, C W alkyl, C 2 -4 alkynyl, halogen, cyano, carboxy, C\ A 
alkyloxycarbonyl, azido, amino, C\ A alkylamino, di(C M alkyl)amino, hydroxy 
15 C1-6 alkoxy, Ci_6 alkylthio, Ci* alkylsulfonyl, (C W alkyDo-2 aminomethyl, or 
C4-6 cycloheteroalkyl, unsubstituted or substituted with one to two groups 
independently selected Whalogen, hydroxy, amino, C M alkyl, and C W alkoxy; 
Ri is hydrogen, Cuo alkylcarbonyl, P3O9H4, P2O6H3, or P(0)RmRn ; 
each Rj is independently hydrogen or Ci-6 alkyl; 

Rk and Rl are each independently hydrogen, methyl, hydroxymethyl, or fluoromethyl- 
and 

Rm and Rn are each independently hydroxy, OCH 2 CH2SC(=0)Cl-4 alkyl, 
OCH 2 0(C=0)OCi^ alkyl, NHCHMeCO^e, OCH(C M alkyl)0(C=0)Ci-4 alkyl, 



20 



25 



30 




0(CH2) 9 CH 3 or . OCO(CH2) 14 CH 3 . 

with the proviso that when Ra and Rc are a-hydroxy, Re is amino, Rb is p-methyl and 
Rh is hydrogen or Rh is 0-methyl and Rb is hydrogen, and Rf, Rg, Ri, Rk, and Rl are 
hydrogen, then Rd is not cyano or CONH 2 . 

The compounds of formula XH are also inhibitors of RNA-dependent 
RNA viral replication and in particular of HCV replication and are useful for the 
treatment of RNA-dependent RNA viral infection and in particular for the treatment 
of HCV infection. 
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Also encompassed within the present invention are pharmaceutical 
compositions containing the compounds alone or in combination with other agents 
active against RNA-dependent RNA virus and in particular against HCV. 



5 DETAILED DESCRIPTION OF THE INVENTION 

The present invention provides a method for inhibiting RNA- 
dependent RNA viral polymerase, a method for inhibiting RNA-dependent RNA viral 
replication, and/or a method for treating RNA-dependent RNA viral infection in a 
mammal in need thereof comprising administering to the mammal a therapeutically 
10 effective amount of a compound of structural formula I which is of the stereochemical 
configuration: 




or a pharmaceutical^ acceptable salt thereof; * 
wherein B is selected from the group consisting of 





15 




N 



X 



N 



R 

11 X. 



R \ 




and 



W 




W . 



A, G, and L are each independently CH or N; 

D is N, CH, C-CN, C-NO2, C-C1.3 alkyl, C-NHCONH2, C-CONRHr11, 
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C-CSNRHRll, C-COORH, C-C(=NH)NH 2 , C-hydroxy, C-Cj.s alkoxy, C-amino 
C-C1-4 alkylamino, C-di(C M alkyl)amino, C-halogen, C-(l,3-oxazol-2-yl), C-(l,3- 
thiazol-2-yl), or C-(imidazol-2-yl); wherein alkyl is unsubstituted or substituted with 
Z C!^ST independentIy S6leCted from amino, hydroxy, carboxy, 

EisNorCR5 ; 
WisOorS; 

Y is H, Cmo alkylcarbonyl, P3O9H4, P 2 06H 3 , or P(O)R9r10 ; 
Rl is hydrogen, C 2 -4 alkenyl, C 2 * alkynyl, or C M alkyl optionally substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms and one of R2 andR3 is hydroxy or C M 
alkoxy and the other of R2 and R3 is selected from the group consisting of 
hydrogen, 
hydroxy, 
halogen, . 

C1.4 alkyl, optionally substituted with 1 to 3 fluorine atoms, 
Cmo alkoxy, optiorcdly substituted with C M alkoxy or 1 to 3 fluorine 
atoms, "* 
C2-6 alkenyloxy, 
Ci-4 alkylthio, 
20 Ci«8 alkylcarbonyloxy, 

aryloxycarbonyl, 
azido, 
amino, 

Ci-4 alkylamino, and 
25 di(Ci^ alkyl)amino; or 

R2 is hydrogen, C 2 -4 alkenyl, C 2 -4 alkynyl, or C M alkyl optionally substituted with 
ammo, hydroxy, or 1 to 3 fluorine atoms and one of Rl and R 3 is hydn)xy or C M 
alkoxy and the other of Rl and R3 is se iected from the group consisting of 
hydrogen, 
30 hydroxy, 
halogen, 

ClA alkyl, optionally substituted with 1 to 3 fluorine atoms; 

Cmo alkoxy, optionally substituted with hydroxy, Cm alkoxy, carboxy, or 1 

to 3 fluorine atoms, 
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C2-6 alkenyloxy, 
C1-4 alkylthio, 

alkylcarbonyloxy, 
aryloxycarbonyl, 
5 azido, 
amino, 

Ci-4 alkylamino, and 

di(Ci-4 alkyl)amino; or 
Rl and R2 together with the carbon atom to which they are attached form a 3- to 6- 
10 membered saturated monocyclic ring system optionally containing a heteroatom 
selected from O, S, and NC0-4 alkyl; 

R4 and R6 are each independentfy H, OH, SH, NH2, Ci-4 alkylamino, di(Ci-4 
alkyl)amino, C3-6 cycloalkylamino, halogen, Ci-4 alkyl, Ci-4 alkoxy, or CF3; 
R5 is H, C1-6 alkyl, C2-6 alkenyl, C2-6 alkynyl, Cj-4 alkylamino, CF3, or halogen; 
15 Rl4 is H, CF3, C1-4 alkyl, amino, C1.4 alkylamino, C3-6 cycloalkylamino, or 
di(Ci-4 alkyl)amino; \ 

R7 is hydrogen, amino, Ci4 alkylamino, C3-6 cycloalkylamino, or 
di(Ci-4 alkyl)amino; 

each Rll is independently H or Ci-6 alkyl; 
20 R8 is H, halogen, CN, carboxy, C14 alkyloxycaibonyl, N3, amino, Ci-4 alkylamino, 
di(Ci-4 alkyl)amino, hydroxy, C\.e alkoxy, Ci-6 alkylthio, Q-6 alkylsulfonyl, or 
(C1-4 alkyl)0-2 aminomethyl; 

Rl2 and Rl3 are each independently hydrogen, methyl, hydroxymethyl, or 
fluoromethyl; and 

25 R9 and RlO are each independently hydroxy, OCH2CH2SC(=0)Ci-4 alkyl, 

OCH2O(C=O)0Cm alkyl, NHCHMeC02Me, OCH(Ci-4 alkyl)0(G=0)Ci-4 alkyl, 

A 0 ^Y^ S ^ CH 2)11 CH 3 ^0-^Y^ S ( CH 2)itCH 3 
0(CH2) 9 CH 3 or OCO(CH2) 14 CH 3 . 

with the provisos that (a) when Rl is hydrogen, one of R3 and R4 is hydrogen, and R2 
is fluoro, then the other of R3 and R4 is not hydrogen, halogen, azido, trifluoromethyl, 
30 C1-4 alkyl, amino, C1.4 alkylamino, di(Ci-4 alkyl)amino, or Cuo alkoxy; (b) when 
Rl is hydrogen, one of R3 and R4 is hydrogen, and R2 is halogen, hydroxy, Cl-6 
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alkoxy, or C 2 -6 alkenyloxy, then the other of R3 and R4 is not hydrogen, fluoro, or 
azido; and (c) when Rl and R3 are hydrogen and R2 is hydroxy, then R4 is not 
hydroxy. 

In one embodiment of the present invention is the method of inhibiting 
RNA-dependent RNA viral polymerase, inhibiting RNA-dependent viral replication, 
and/or treating RNA-dependent RNA viral infection with a compound of structural ' 
formula n which is of the stereochemical configuration: 




wherein B is 



R' 



,6 



E^N 



or 




D is N, CH, C-CN, C-N02, C-C1.3 alkyl, C-NHCONH2, C-CONRl lRll, 
C-CSNRllRll, C-COORH, C-hydroxy, C-C1.3 alkoxy,' C-amino, C-C W 
alkylamino, C-di(Ci-4 alkyl)amino, C-halogen, C-(l,3-oxazol-2-yl), C-(l,3-thiazol-2- 
yl), or C-(imidazol-2-yl); wherein alkyl is unsubstituted or substituted with one to 
15 three groups independently selected from halogen, amino, hydroxy, carboxy.and 
C1-3 alkoxy, 

EisNorC-R5; 
WisOorS; 

Y is H, C1-10 alkylcarbonyl, P3O9H4, or P(O)R9r10 ; 
20 Rl is hydrogen, CF 3 , or Cm alkyl and one of R2 and R3 is OH or C1-4 alkoxy and 
the other of R2 and R3 is selected from the group consisting of 
hydrogen, 
hydroxy, 
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halogen, 
C1.3 alkyl, 

trifluoromethyl, 
Ci^ alkoxy, 
5 Ci-4 alkylthio, 

• Ci r 8 alkylcarbonyloxy, 
aryloxycarbbnyl, 
azido, 
amino, 

10 Ci-4 alkyl amino, and 

di(Ci-4 alkyI)amino; or 
R2 is hydrogen, CF3, or Ci-4 alkyl and one of Rl and R3 is OH or C1-4 alkoxy and 
the other of Rl and R3 is selected from the group consisting of 
hydrogen, 
15 hydroxy, 

fluoro, \ 
C1-4 alkyl, » 

trifluoromethyl, 
Ci-4 alkoxy, 
20 Cm alkylthio, 

C1I8 alkylcarbonyloxy, 

azido, 

amino, 

C1-4 alkylamino, and 
25 di(Ci-4 alkyl)amino; or 

Rl and R2 together with the carbon atom to which they are attached foim a 3- to 6- 
membered saturated monocyclic ring system optionally containing a heteroatom 
selected from O, S, and NQm alkyl; 

R4 and R6 are each independently H, OH, SH, NH2, C1-4 alkylamino, di(Ci-4 
30 alkyl)ainino, C3-6 cycloalkylamino, halogen, C1-4 alkyl, Ci-4 alkoxy, or CF3; 

R5 is H, Ci-6 alkyl, C2-6 alkenyl, C2-6 alkynyl, C1.4 alkylamino, CF3, or halogen; 
R7 is hydrogen, amino, alkylamino, C3.6 cycloalkylamino, or 
di(Ci-4 alkyI)amino; 

each Rl 1 is independently H or C i_6 alkyl; 
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R8 is H, halogen, CN, carboxy, C M alkyloxycarbonyl, N 3 , amino, C M alkylamino 
dKC M alkyl)amino, hydroxy, Ci-6 alkoxy, q W alkylthio, C W alkylsulfonyl, or • ' 
(Cm alkyl)o.2 aminomethyl; and 

R9 and RIO are each independently hydroxy, OCH 2 CH 2 SC(=0)Ci^ alkvl or 
0CH 2 0(C=O)Cm alkyl; ^ 
with the provisos that (a) when Rl is hydrogen, one of R3 and R4 is hydrogen> md r2 
.s fluoro, then the other of R 3 and R4 is not hydrogen, halogen, trifluoLeWl, Cm 
alkyl, amino, Cm alkylamino, di(C M alkyl)amino, or Cm alkoxy; (b) when Rl is 
hydrogen, one of R3 and R 4 is nydrogen , md r2 is haIogen> hydroxy> or ^ ^ 

then the other of R3 and R4 is not hydrogen, fluoro, or azido; and (c) when Rl and R3 
are hydrogen and R2 is hydroxy, then R4 is not hydroxy. 

In a second embodiment of the present invention is the method of 
inhibiting RNA-dependent RNA viral polymerase, inhibiting RNA-dependent RNA 
V1 ral replication, and/or treating RNA-dependent RNA viral infection with a 
compound of structural formula m which is of the stereochemical configuration- 




wherein B is 




or 




D is N, CH, C-CN, C-N0 2 , C-C1.3 alkyl, C-NHCONH 2 C-CONRHRH 
C-CSNRHRll, C-COORH, C-hydroxy, C-C1.3 alkoxy,' C-amino, C-Cm 
alkylamino, C-di(CM alkyl)amino, C-halogen, C-(l,3-Oxazol- 2 -yl), C-(l,3-thiazol- 2 - 
yl), or C-(imidazol- 2 -yl); wherein alkyl is unsubstituted or substituted with one to 
three groups independently selected from halogen, amino, hydroxy, carboxy, and 
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C1.3 alkoxy; 
WisOorS; 

Y is H.Ci-10 alkylcarbonyl, P3O9H4, P2O6H3, or P(0)R9RlO; 

Rl is hydrogen, CF3, or Ci-4 alkyl and one of R2 and R3 is OH or C1-4 alkoxy and 

5 the other of R2 and R3 is selected from the group consisting of 
hydrogen, 
hydroxy, 
fluoro, 
Cl-3 alkyl, 
1° trifluoromethyl, 

Ci-8 alkylcarbonyloxy, 
Ci-3 alkoxy, and 
. amino; or 

R2 is hydrogen, CF3, or Ci-4 alkyl and one of Rl and R3 is OH or C1-4 alkoxy and 
15 the other of Rl and R3 is selected from the group consisting of 

hydrogen, ; 

hydroxy, : 

fluoro, 

C1-3 alkyl,. 
20 trifluoromethyl, 

Ci-8 alkylcarbonyloxy, 

Ci-3 alkoxy, and 

amino; or 

Rl and R2 together with the carbon atom to which they are attached form a 3- to 6- 
25 membered saturated monocyclic ring system optionally containing a heteroatom 
selected from O, S, and NCo4 alkyl; 

R6 is H, OH, SH, NH2, C14 alkylamino, di(Ci-4 alkyl)amino, 
C3-6 cycloalkylamino, halogen, C1-4 alkyl, C1-4 alkoxy, or CF3; 
R5 is H, Ci-6 alkyl, C2-6 alkenyl, C2-6 alkynyl, alkylamino, CF3, or halogen; 
30 R7 is hydrogen, amino, C1-4 alkylamino, C3-6 cycloalkylamino, or 
di(Ci-4 alkyl)amino; 

each Rl 1 is independently H or C 1-6 alkyl; 
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R8 is H, halogen, CN, carboxy, C M alkyloxycarbonyl, N 3 , amino, C M alkylamino 
d.(C M alkyl)amino, hydroxy, alkoxy, C M alkylthio, C M alkylsulfonyl, or ' 
(Ci-4 aIkyl)o_2 aminomethyl; and 

R9 and RIO are each independently hydroxy, OCH 2 CH 2 SC(=0)t-butyl or 
OCH 2 0(C=0)iI>r; . 

with the provisos that (a) when Rl is hydrogen and R2 is fluoro, then R3 is not 
hydrogen, trifluoromethyl, fluoro, Ci- 3 alkyl, amino, or Ci_ 3 alkoxy, (b) when Rl is 
hydrogen and R2 is fl UO ro, hydroxy, or Ci- 3 alkoxy, then R3 is not hydrogen or 
fluoro; and (c) when Rl is hydrogen and R2 is hydroxy, then R3 is not p-hydroxy. 

Li a class of this embodiment is the method of inhibiting RNA- 
dependent RNA viral polymerase, inhibiting RNA-dependent RNA viral replication 
and/or treating RNA-dependent RNA viral infection with a compound of structural ' 
formula m wherein B is 




and W, Y, and the R substituents arc as defined under this second embodiment. 

In a second class of this embodiment is the method of inhibiting RNA- 
dependent RNA viral polymerase, inhibiting RNA-dependent RNA viral replication 
and/or treating RNA-dependent RNA viral infection with a compound of structural ' 
formula m wherein B is 




and Y, D, and the R substituents are as defined under this second embodiment 

In a third embodiment of the present invention, the RNA-dependent 
RNA viral polymerase is a positive-sense single-stranded RNA-dependent RNA viral 
polymerase. In a class of this embodiment, the positive-sense single-stranded RNA- 



19 



WO 02/057425 PCT/US02/01531 



dependent RNA viral polymerase is a Flaviviridae viral polymerase or a 
Picornaviridae viral polymerase. In a subclass of this class, the Picornaviridae viral 
polymerase is rhinovirus polymerase, poliovirus polymerase, or hepatitis A virus 
polymerase. In a second subclass of this class, the Flaviviridae viral polymerase is 
5 selected from the group consisting of hepatitis C virus polymerase, yellow fever virus 
polymerase, dengue virus polymerase, West Nile virus polymerase, Japanese 
encephalitis virus polymerase, Banzi virus polymerase, and bovine viral diarrhea virus 
(BVDV) polymerase. In a subclass of this subclass, the Flaviviridae viral polymerase 
is hepatitis C virus polymerase. 

10 In a fourth embodiment of the present invention, the RNA-dependent 

RNA viral replication is a positive-sense single-stranded RNA-dependent RNA viral 
replication. In a class of this embodiment, the positive-sense single-stranded RNA- 
dependent RNA viral replication is Flaviviridae viral replication or Picornaviridae 
viral replication. In a subclass of this class, the Picornaviridae viral replication is 

15 ihinovinis replication, poliovirus replication, or hepatitis A virus replication. In a 
second subclass of this class* the Flaviviridae viral replication is selected from the 
group consisting of hepatitis'C virus replication, yellow fever virus replication, 
dengue virus replication, West Nile virus replication, Japanese encephalitis vims 
replication, Banzi virus replication, and bovine viral diarrhea virus replication. In a 

20 subclass of this subclass, the Flaviviridae viral replication is hepatitis C virus 
replication. 

In a fifth embodiment of the present invention, the RNA-dependent 
RNA viral infection is a positive-sense single-stranded RNA-dependent viral 
infection. In a class of this embodiment, the positive-sense single-stranded RNA- 

25 dependent RNA viral infection is Flaviviridae viral infection or Picornaviridae viral 
infection. In a subclass of this class, the Picornaviridae viral infection is rhinovirus 
infection, poliovirus infection, or hepatitis A virus infection. In a second subclass of 
this class, the Flaviviridae viral infection is selected from the group consisting of 
hepatitis C virus infection, yellow fever virus infection, dengue virus infection, West 

30 Nile virus infection, Japanese encephalitis virus infection, Banzi virus infection, and 
bovine viral diarrhea virus infection. In a subclass of this subclass, the Flaviviridae 
viral infection is hepatitis C virus infection. 

Illustrative of the invention is a method for inhibiting RNA-dependent 
RNA viral polymerase, inhibiting RNA-dependent RNA viral replication, and/or 

35 treating RNA-dependent RNA viral infection wherein the compound is selected from: 
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2'-0-methyl-cyticline, 
2'-C-me%l-cytidine, 

S'^'-di-O-octanoyl^^O-methyl-cytidine, 
S^O-octanoyl^'-O-methyl-cytidine, 
5 2 , -C-methyl-adenosine, 

8-amino-2'-C-methyladenosine, 

carbonitrile, 

4-amino-7<2-C-me%I-P-D-ribofuranosylHH-pyrro^^ 
10 carboxamide, 

3 '-deoxy-S'-methyl-cytidine, 
^an™o-7-tf^^ 

flpyrimidin-5-carboxamide, 
3'-deoxy-adenosine, . 
4.amino-7K3-deoxy ; p.D.ribofur m ^ 
^no-7^eoxy#-D-ri^ 
carboxamide, t 

S'-amirio-S'-deoxyadenosine, 
2-aminoO,4^^ 

20 ^pyrimidin-5-carboxamide, 

4-amino^^^ 

2-ammo-3,4^hydro^^ 

^pyrimidin-5-caibonitrile, 

2-amino-5^%l-7-^ 
25 one, 

6^-ammo-l-(P^ 

3 ' -deoxyguanosine, 

2-aniino-7^ 

one, 

30 2 , -0-methylguanosine, 

2-a^no-7-(2-0-methyl-P-I^^ 
4(3#)-one, 

2-anuno-7-(2-0-methyl-p-D-ribofuranosyl)-5iy-pyrrolo[3^ 
4(3#>one, 

7-(2-0-methyl-3-D-ribofuranosyl)-7ff-pyrrolo[23-d]pyrim 
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3'-deoxycytidine, 

2-amiri<>5-methyl-^^ 

one, 

2-amino-3,4-dhydro-^ 

[23^pyriinidin--5-carbonitrile, 

2-amino-5-methyl-7<2-0^^ 

d]pyrimidin-4(3fl)-one, 

8-azidoguanosine, 

8-aminoguanosine, 

8-bromoadenosine, 

8-aminoadenosine, 

8-bromoguanosine, 

3Meoxy-3'-fluorocytidine, 

S'-deoxy-S'-fluoroguanosine, 

4- amino-7-(3^eoxy-3-fluo^ 

5- carboxamide, \ . 
2-amino^chloro-7-#-0-me^ 
d]pyrimidin-5-carbonitriIe, 
2-amino^Moro-5^%l-7-(2-0-methyl-p^ 
d]pyrimidine, 

2-amino^hloro-5-methyl~7-(2-^ 
[2,3-rfJpyrimidine, 
2-amino-7<2-0-methyl-p-D-^^ 
4(3f?)-thione, 

2-amino^^hloro-7-(2-0-methyl-P-D-ribofuranosy 
djpyrimidine, 

2-amino-7<p-D-riboftHanosy 

2-amino^cMoro-7-(p-D-rito 

2-amino^cMoro-5-methyK7^ 

rf]pyrimidine, 

KP-I>riboftLrai^ 

4-amino-l-(p-D-ribofur^^ 

2-ammo-6H;hloro-9-(P^^ 

2-amino^chloro-7-(P-D-ribofa^ 

carbonitrile, 
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e-methyl-^P-D-ribofiiranosyl^-purine, 
2 -a^o-7<2^eoxy-2-fluor^ 

d]pyrimidin-4(3fl)-one, " . 

2-amkt^cWo^K2Hleoxy-2.fluo^D^ino fm^lBwatika 3- 
5 cQpyrimidine, 

^amino-HP-D-arabinofumosylOT-p^ 
2 ™o-7^D-arab™^^ 

^pyrimidin-5-caibonitrile, 
10 ^^^^ 

9-(pV-D-arabinofuranosyl>9^-purin-6(lfl>one, 
l-(P-D-arabuiofuianosyl>lff.cytosine, 

d]pyrimidine, 

3'-deoxy-3'-(fluoromethyl)-guanosine, 
2'-amino-2'-deoxycy^idine, 
<^o-7-(3Kleoxy^D<ft^^ 
carbonitrile, 

2 , -0-methyladenosine, 
^°-7-(2-0-i^^ 

3'-amino-3'-deoxy-2'-<9-methy!-adenosine, 

3'-deoxy-3'-methyl-uridine, 

^n<vl-(3^xy^^ 

6 -™-H3Kieoxy-3-fluoi^^ ' 
4(3i2)-one, 

S'-deoxy-S'-fluorouridine, 
S'-deoxy-S'-fluoroadenosine, . 
^amino-T-^eoxy-p^^ 
d}- pyrimidin-5-carbonitrrle, 
3'-deoxy-5-methyl-uridine, 

S^-deoxy^'-O^-methoxyethyD-S'-methyl-S-methyluridine, 
2'-amino-2'-deoxy-uridine, 

2-amino.9KP-D-arabinofuranosyl>9ff-purin^(lJ^) n e > 
3'-deoxy-3'-methylguanosine, 
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Z'-O-f^imidazolyMJbutylJguanosine, 
Z'-deoxy^'-fluoroguanosine, 
. 2'-deoxyguanosine, 
2-amino-7-(2-deoxy-2-fluoro-P-^^^ 
5 4(3#>one, 

2-aimno-7K3-deoxy-P-D^^ 
^pyrimidin-5-carbonitrile, 
2-amino-54odo-7-(prDnribofiH^ 
one, 

10 2-amino-7^3^oxy-3-methyl-P-D-ribofu^ 
dJpyrimidin-5-carbonitrile, 
2-anuno-7^P4>-ribofui^ 
2-amino~7^2Kteoxy-p-Dnrito^ 
one, 

15 2-amino-7K3^eoxy-3-methyl-P-D-ribof^^ 
d]pyrimidin-4(3fl>ope, 
2-anuno-7-(3^xy-S-fluoi^ 
4(3#)-one, 

6-aimno-H2-0-methyl-P^ 
20 one, 

6-amino^-(2Kleoxy-P-D-ri^ 

6-amino-l.(3KteoxyO-methyl-P-D-ribofur^ 

4(5/?)-one, 

6-amino-l-(2^1eoxy-2-fluoro-P-D-ribofuranosyl)-lH4m 
25 4(5/?)-one, 

6-aminchl-(P-D-arabinofu^ 

2*-0-[2^M/^e%laminooxy)ethyl]-5-me%luridi 

S-ethynyl^'-O^-methoxyethyl^cytidine, 

l-(2-C-methyl-P-D-arabinofuranosyl)uracil, 
30 5-methyl-3'-deoxycytidine, 

Z-amino-Z'-O-methyladenosine, 

2'-deoxy-2 , -fluoroadenosine, 

3'-deoxy-3'-fluoroadenosine, 

3*-deoxy-3'-methyladenosine, 
35 2-aimno-7<2-deoxy-P-D-ribofum^ 
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4 - ^no-7-(3^^ 

5- carboxamide, 

4-an±,o-7-(3^xy-0-D^ 
carboxamide, 

4-an™o-l-(3^eox^^^ 

4-amino-7-(P-D-ribofuranosyl W-pynolo[2,3^pyriniidine (tubercidin) 

4,6-diaimno-7KP-D-ribofur M os y im-pynolo[2,3^pyrimidine ) 
10 2 -^ no - 7 -( 3 -^*y-3^ 
^pyrimidm-5-caiboxamide, 
^^o-l-(3-deoxy-p^D-ribom^^ 
^°°-M3-deoxy-3-me W ^ 

^^^HP-D-ribofuranosylV^midazoKS^pyridine 
^n°-M2-C-methyl-p^^^ 

^an^o^-C-djoxyf-fluor^ 

tfjpvrimidine; and *> 

the corresponding 5'-triphosphates, 5'- 

[bis(isop ro pyloxycarbonyloxymethyl)] m onopho S phates,5'-inon(KS-C M 
alkanoyl-2-thioethyDmonophosphates, and 5'-bis-(S.C M alkanoyl-2- 
thioethy])monophosphates thereof; 
or a pharmaceutical^ acceptable salt thereof . 

Further illustrative of the invention is a method for inhibiting RNA- 
dependent RNA viral polymerase, inhibiting RNA-dependent RNA viral replication 
and/or treating RNA-dependent RNA viral infection wherein the compound is ' 
. selected from: 

2'-0-methyl-cytidine, 
2'-C-methyl-cytidine, 

S'.S'-di-OKwtanoyW-O-methyl^ytidine, 
3'-0-octanoyl-2'-0-methyl-cytidine, 
4-amiiio-HP-DHiboflini^ 
4-aimno-7-(2-C-meW^ 
carbonitrile, 
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4-amino-7K2-C-methyl-p-D-ribofi^ 
carboxamide, 
2 , -C-methyladenosine, 
8-amino-2'-C-methyladenqsine, 
5 S'-deoxy-S'-methyl-cytidine, 

4-amino-7-(3Kieoxy-3-methy^^ 
d]pyrimidin-5-caiboxamide, 
3'-deoxyadenosine, 
4-anrino-7K3Kieoxy-0-l>dbofi^ 
10 4-amino-7-(3^eoxy-0-D-ribofi^ 
carboxamide, 

3*-amino-3'-deoxyadenosine, 
2-amino-3,4Kffliydio^oxo^^ 
<|pyrimidin-5-carboxamide, 
15 4-amino-7KP-D<ibofu^ 

2-amino-3,4Klihydrcv^xo-7-(^^ 
flpyrimidin-5-caiboiiitrile, 
2-amino-5^thyl-7^P-D-ribof^ 
one, 

20 6-ammo-l-(P-D-riboft^ 
3*-deoxyguanosine, 
2-amincH7K3-deoxy-P-D-ribofi^ 
one, 

2 , -0-methylguanosine, 
25 2-amino-7K2-0-methyl-P-^^ 
4(3fl>one, 

2-amino-7K2-0-me%I-P-D-ribofuranosyl>5H-pyn^ 
(3//>one> 

7-(2-0-methyl-p-D<ibofu^ 
30 3'-deoxy-cytidine, 

2-amino-5-roethyl-7-(P-IW^ 
one, 

2-amino-3,4Hiihydrc^-ox 
[2,3-4pyrimidine-5-carbonitrile, 
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2-amino-5-me^^ 
d]pyrimidin-4{3i0-one, 
8-azidoguanosine, 
8-aminoguanosine, 
5 8-bromoadenosine, 
8-aminoadenosine, 
8-bromoguanosine, 
3 '-deoxy-3 '-fluorocytidine, 
3 '-deoxy-S'-fluoroguanosine, 
10 ^^ n °-H3^xy-3-fl^ 
pyrimidin-5-carboxamide, 

d]pyrimidin-5-carbonitriIe, 
2-amino^ 
15 d\ pyrimidine, 

[23-</Jpyrimidine, \ 

2-arnin<>-7-(0-D-ribofu^^ 

2-arruno^Noro-7-tf-D-ribof^^ 

20 2 -^ no ^Wo ro -5-rae%1.7-(P-D.ribofuranosyl).7^-pyirolo[2,3- 
d]pyrimidine, 

2-amino-7-(2^eoxy-2-fluo^^ 
d]pyrimidin-4(3fl)-one; 

4-amino-l-(2-C-methyl-p-D-riboforanosyl>l^-pyrazoIo[3 
25 2 -^ n °- 7 <P- D -^binof«^ 
and 

2-amino-7-(P-D-mbinofuranosyl)-3,4-dihydro4-oxo-7if-pyrrob 

<qpyrimidin-5-caibonitrile; and 

the corresponding 5'-triphosphates, 5*. 

30 n>is(isopropyloxycarbonyloxymethyl)]monophosphates, 5*-monb-(S-pivaloyl- 

2-thioethyl)monophosphates > and 5'-bis-(S-pivaloyl-2- 
thioethyl)monophosphates thereof; 
or a pharmaceutically acceptable salt thereof. 
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Even further illustrative of the present invention is a method for 
inhibiting RNA-dependent RNA viral polymerase, inhibiting RNA-dependent RNA 
viral replication, and/or treating RNA-dependent RNA viral infection wherein the 
compound is selected from 
5 2'-0-methyl-cytidine, 
2'-C-methyl-cytidine, 
3 ' ,5 '-di-O-octanoyl^'-O-methyl-cytidine, 
3 ' -O-octanoyl-2' -O-methyl-cytidine, 

4-amino-l-(P-D-ribofuranosylH 
10 4-amino-7-(2-C-methyl-|5-D-rib^ 
carbonitrile, 

4-amino-7-(2-C-methyl-f^^ 
carboxamide, 
2'-C-methyladenosine, 
15 8-amino-2 , -C-methyladenosine, 
8-bromoguanosine, \ 
8-ammoguanosme, 
8-aminoadenosine, 

4-amino-7K3-deoxy-p-D-ribofuranosyl>7H-pyrro 
20 2-amino-4-chloro-5-ethyl-7-(2-0-methyl^^^ [2,3- 

d\ pyrimidine, 

2-aminch3,4-dihydn>-4-oxch7^ 
^pyrimidin-5-carboxamide, 
4-amino-l -(2-C-methyl-JM>ribofiir^ 
25 2-aminck4-chloro-7-(2-0-methyl-P-D-ri^^ 
d]pyiimidin-5-carbonitrile; 
and the corresponding 5 '-triphosphates thereof; 

2 , -0-methylcytidine-5*-[bis-(S-pivaloyl-2-thioethyl)phosphate], 
2-amino-7-(3-deoxy-P-D-ribo^ 

30 rflpyriimdine-S'-tbis-^-pivaloyl^-thioethy^ph.osphate], 

S'-deoxyguanosine-S^Ibis-KS-pivaloyl^-thioethylJphosphate], and 

3 , ^eoxycytidine-5'-[bis-(5-pivaIoyI-2-.thioethyl)phosphate]; 
or a pharmaceutical^ acceptable salt thereof. 

Yet further illustrative of the invention is a method for inhibiting 
35 RNA-dependent RNA viral polymerase, inhibiting RNA-dependent RNA viral 
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replication, and/or treating RNA-dependent RNA viral infection wherein the 
compound is selected from: 

2'-0-methylcytidine, 

2'-C-methylcytidine, 
5 3\5'-di-0-octanoyl-2^0-memyl-cytidine, 

3'-0-octanoyl-2'-0-memyl-cytidine, 

4-ammo-7-(2-C-memyl-0-D^ 

carbonitrile, 

4-anuno-7-(2-C-memyl-P-D-riboruranosyl>7if-p^ 
10 carboxamide, 

2'-C-methyladenosine, 

8-amino-2'-C-methyladenosine, 

2^0-methylcytia^e-5'-[bis-(5-pivaloyl-2-thioethyl)phosphateJ, 
2-aimno-7-(3-deoxy-0-D-ribofu^ 
15 4Py^o^e-5'-[bis-(S-p^ 

3Meoxycytidme-5'-p-(S-pivaloyl-2-thioethyl)phosphate]; 
or a pharmaceutically acceptable salt thereof. 

The present invention also provides novel compounds of structural 
formula IV of the indicated stereochemical configuration which are useful as 
20 inhibitors of RNA-dependent RNA viral polymerase: 

Rio ivv 

k k 

(IV) 

wherein B is selected from the group consisting of 
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A, G, and L are each independently CH or N; 

D is N, CH, C-CN, C-N02, C-C1.3 alkyl, C-NHCONH2, C-CONRl lRl 1 1 
C-CSNRllRll, C-COORll, C-hydroxy, C-C1.3 alkoxy, C-amino, C-C1.4 
5 alkylamino, C-di(Ci-4 alkytyamino, C-halogen, C-(l,3-oxazol-2-yl), C-(l,3-thiazol-2- 
yl), or C-(imidazol-2-yl); wKeiein alkyl is unsubstituted or substituted with one to 
three groups independently selected from halogen, amino, hydroxy, carboxy, and 
C1-3 alkoxy; 

E is N or CR5; 
10 WisOorS; 

Rl is hydrogen, C2-4 alkenyl, C2-4 alkynyl, or C1-4 alkyl optionally substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms and one of R2 and R3 is hydroxy or C1.4 
alkoxy and the other of R2 and R3 is selected from the group consisting of 
hydrogen, 
15 hydroxy, 
halogen, 

C1-4 alkyl, optionally substituted with 1 to 3 fluorine atoms, 

Ci-10 alkoxy, optionally substituted with C1-3 alkoxy or 1 to 3 fluorine 

atoms, 

20 C2-6 alkenyloxy, 

C1-4 alkylthio, 
Ci-8 alkylcarbonyloxy, 
aryloxycarbonyl, 
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azido, 
amino, 

C1-4 alkylamino, and 

di(Ci^ alkyl)amino; or 
5 R2 is hydrogen, C 2A alkenyl, C 2 -4 alkynyl, or Cm alkyl optionally substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms and one of Rl and R3 is hydroxy or C M 
alkoxy and the other of Rl and R3 is selected from the group consistingof 

hydrogen, 

hydroxy, 
10 halogen, 

Cm alkyl, optionally substituted with 1 to 3 fluorine atoms, 

Cmo alkoxy, optionally substituted with hydroxy, Ci- 3 alkoxy, carboxy, or 1 

to 3 fluorine atoms, 

C2-6 alkenyloxy, 
15 Cm alkylthio, 

Ci-8 alkylcarbonylaky, 

aryloxycarbonyl, * 

azido, 

amino, 

20 Cm alkylamino, and 

di(Ci-4 a!kyl)amino; or 
Rl and R2 together with the caibon atom to which they are attached form a 3- to 6- 
membered saturated monocyclic ring system optionally containing a heteroatom 
selected from O, S, and NC0-4 alkyl; 

25 R4 and R6 are each independently H, OH, SH, NH 2 , Cm alkylamino, di(C M 

alkyl)amino, C3-6 cycloalkylamino, halogen, Cm alkyl, Cm alkoxy, or CF 3 ; 

R5 is H, Cm alkyl, C 2 -6 alkenyl, C 2 -6 alkynyl, Cm alkylamino, CF 3 , or halogen; 

R14 is H, CF 3 , Cm alkyl, amino, Cm alkylamino, C3-6 cycloalkylamino, or 

di(CM alkyl)amino; 
30 R7 is hydrogen, amino, Cm alkylamino, C3-6 cycloalkylamino, or 

di(CM alkyl)amino; 

each Rl 1 is independently H or Cm alkyl; 

R8 is H, halogen, CN, caiboxy, C M alkyloxycarbonyl, N 3 , amino, Cm alkylamino, 
di(CM alkyl)amino, hydroxy, Ci. 6 alkoxy, C« alkylthio, C« alkylsulfonyl, or 
35 (Cm alkyl)o-2 aminomethyl; 

-31- 



WO 02/057425 



PCT/US02/01531 



Rl2 and Rl3 are each independently hydrogen or methyl; and 

R9 and RlO are each independently hydroxy, OCH2CH2SC(=0)Ci-4 alkyl, 

OCH20(C=0)OCi-4 alkyl, NHCHMeC02Me, OCH(Ci-4 alkyl)0(C=0)Ci^ alkyl, 

Ao^Y^ S ( CH 2)i 1 CH 3 ^O'^Y^S^HaJirCHa 
0(CH 2 ) 9 CH 3 or OCO(CH 2 ) 14 CH 3 

5 provided that at least one of R9 and RlO is not hydroxy. 

The compounds of formula IV arc also inhibitors of RNA-dependent 
RNA viral replication and are useful for the treatment of RNA-dependent RNA viral 
infection. 

In one embodiment, there are provided novel compounds of structural 
10 formula V which are of the stereochemical configuration: 

t R 




R 3 R 2 
(V) 



wherein B is 



R 6 R 6 

II L or R 8 -f 1 j 

k N A W N N R 7 : 

D is N, CH, C-CN, C-NO2, C-C1.3 alkyl, C-NHCONH2, C-CONRl lRl 1, 
15 C-CSNRl lRl 1, C-COORl 1, C-hydroxy, C-C1-3 alkoxy, C-amino, C-C14 

alkylamino, C-di(Ci-4 alkyl)amino, C-halogen, C-(l,3-oxazol-2-yl), C-(l,3-thiazol-2- 
yl), or C-(imidazol-2-yl); wherein alkyl is unsubstituted or substituted with one to 
three groups independently selected from halogen, amino, hydroxy, caiboxy, and 
C1-3 alkoxy; 

20 WisOorS; 
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EisNorC-R5; 

Rl is hydrogen, C 2 -4 alkenyl, C 2 A alkynyl, or Cm alkyl optionally substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms and one of R2 and R3 is hydroxy or Cm 
alkoxy and the other of R2 and R3 is selected from the group consistingof 
5 hydrogen, 

hydroxy, 

halogen, 

Cl-3 alkyl, 

trifluoromethyl, 
10 Cm alkoxy, 

C1-4 alkylthio, 

Ci-8 alkylcarbonyloxy, 

aryloxycarbonyl, 

azido, 

15 amino, 

C1-4 alkylamino, and 

di(Ci-4 alkyl)amino|; or 
R2 is hydrogen, C 2 -4 alkenyl, C 2 -4 alkynyl, or Cm alkyl optionally substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms and one of Rl and R3 is hydroxy or Cm 
20 altaymdtteote 

hydrogen, 

hydroxy, 

fluoro, 

Cm alkyl, 

25 trifluoromethyl, 
Cm alkoxy, 
Cm alkylthio, 
Ci_8 alkylcarbonyloxy, 
azido, 

30 amino, 

Cm alkylamino, and 
di(CM alkyI)amino; or 
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Rl and R2 together with the carbon atom to which they are attached form a 3- to 6- 
membered saturated monocyclic ring system optionally containing a heteroatom 
selected from O, S, and NQ)-4 alkyl; 

R4 and R6 are each independently H, OH, SH, NH2, Ci-4 alkylamino, di(Ci-4 
alkyl)amino, C3.6 cycloalkylamino, halogen, Ci-4 alkyl, Ci-4 alkoxy, or CF3; 
R5 is H, Ci_6 alkyl, C2-6 alkenyl, C2-6 alkynyl, Ci-4 alkylamino, CF3, or halogen; 
R7 is hydrogen, amino, Ci-4 alkylamino, C3..6 cycloalkylamino, or 
di(Ci-4 alkyl)amino; 

each Rl 1 is independently H or Ci-g alkyl; 

R8 is H, halogen, CN, carboxy, C1.4 alkyloxycarbonyl, N3, amino, Ci-4 alkylamino, 
di(Ci-4 alkyl)amino, hydroxy, Ci_6 alkoxy, Ci-6 alkylthio, Ci-6 alkylsulfonyl, or 
(C1.4 alkylX)-2 aminomethyl; and 

R9 and RlO are each independently hydroxy, OCH2CH2SC(=0)Ci-4 alkyl, or 
OCH20(C=0)Ci^ alkyl, provided that at least one of R9 and RlO is not hydroxy. 

In a second embodiment, there are provided novel compounds of 
structural formula VI: > 



>10_ 




wherein B is 




or 




20 D is N, CH, C-CN, C-NO2, C-C1.3 alkyl, C-NHCONH2, C-CONRHrH, 
. C-CSNRl 1R1 1, C-COORl 1, C-hydroxy, C-C1.3 alkoxy, C-amino, C-C1-4 
alkylamino, C-di(Ci-4 alkyl)amino, C-halogen, C-(l,3-oxazol-2-yl), C-(l,3-thiazol-2- 
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yl), or C-(imidazol-2-yl); wherein alkyl is unsubstituted or substituted with one to 
cT 3 ^;^ Pendently selected from hal °gen, amino, hydroxy, carboxy, and 
W is O or S; 

5 Rl is hydrogen, C 2 -4 alkenyl, C 2A alkynyl, or C M alkyl optionally substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms and one of R2 and R3 is hydroxy or C 1A 

alkoxy and me omer of R2 and R3 is selected fxom me group consisting of 
hydrogen, 

hydroxy, 

10 fluoro, 

Cl-3 alkyl, 

trifluoromethyl, 
Ci-3 alkoxy, 

Ci_8 alkylcarbonyloxy, and 
15 amino; or 

R2 is hydrogen, C 2A alkenyl, C 2 -4 alkynyl, or C M alkyl optionally substituted with 
ammo, hydroxy, or 1 to 3 fluorine atoms and one of Rl and R3 is hydroxy or C M 
alkoxy and the other of Rl and R 3 is selected from the group consisting of 
hydrogen, 
20 hydroxy, 
fluoro, 
Cl-3 alkyl, 

trifluoromethyl, 
Ci_3 alkoxy, 

25 Ci_8 alkylcarbonyloxy, and 

amino; or 

Rl and R2 together with the carbon atom to which they are attached form a 3- to 6- 

membered saturated monocyclic ring system optionally containing a heteroatom 

selected from O, S, and NCo-4 alkyl; 
30 R6 is H , OH, SH, NH 2 , C M alkylamino, di(C M alkyl)amino, 

C3-6 cycloalkylamino, halogen, C1.4 alkyl, C1.4 alkoxy, or CF 3; 

R5 is H, Ci_ 6 alkyl, C 2 -6 alkenyl, C 2 . 6 alkynyl, C M alkylamino, CF 3 , or halogen- 

R/ is hydrogen, amino, C W alkylamino, C3-6 cycloalkylamino, or 

di(Ci-4 alkyl)amino; 
35 each Rl 1 is independently H or Ci_6 alkyl; 
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R8 is H, halogen, CN, caiboxy, Ci-4 alkyloxycarbonyl, N3, amino, Ci-4 alkylamino, 
di(Ci-4 alkyl)amino, hydroxy, Ci-6 alkoxy, Ci-6 alkylthio, Ci-6 alkylsulfonyl, or 
(C1-4 alkyl)o-2 aminomethyl; and 

R9 and RlO are each independently hydroxy, 0CH2CH2SC(=O)t-butyl, or 
5 OCH20(C=0)iPr, provided that at least one of R9 and RlO is not hydroxy. 

Illustrative of the novel compounds of structural formula VI of the 
present invention are the following: 

2 , -0-methylcyti<fine-5'-[bis^ 
2-anrino-7-(3-deoxy-P-D-ribofui^^ 

10 flpyrimidine-5^|>is-(»S-pivaloyl-2-thioethyl)phosphate], 

S'^eoxygumosine-S'-fbis^S-pivaloyl^-thioethyl^hosphate], 

2 , -0-methylguanosine-5 , -[bis^ 

2'-0-me%lguanosine-5'-[bis^piv^^ 

84>romo-2'-0Hnrathylguanosine-5^^^ 
15 2-amm6-3,4-dmydK^ 

pym)lo[2,3^pyrimpne-5'-^ 

2-amino-5-bromo-7-(3-deoxy-p-D-ri^ 

pyrroloP^pyrimidine-S'-^ 

5-bromo-2\-0-methylcytidm^^ 
20 3'^eoxycytidine-5'-[bis-(5-pivaloy]-2-thioethyl)phosphate], and 

2'-0-methylcytidine-5 , -|>is(isopropyloxycarbonyloxymethyl)]phosp 

The present invention further provides novel compounds of structural 
formula XII of the indicated stereochemical configuration or a pharmaceutically 
25 acceptable salt thereof which are useful as inhibitors of RNA-dependent RNA viral 
polymerase: 
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wherein Ra and Rh are each independently selected from the group consisting of 
hydrogen, cyano, azido, halogen, hydroxy, mercapto, amino, C M alkoxy Q 2A 
alkenyl, Cm alkynyl, and C M alkyl, wherein alkyl is unsubstituted or substituted 
wuh hydroxy .amino, c M alkoxy, C M alkylthio, or one to three fluorine atoms; " 
Rb is C2-4 alkenyl, C 2 -4 alkynyl, or Cm alkyl, wherein alkyl is unsubstituted or 
subsututed with hydroxy, amino, C lA alkoxy, C M alkylthio, or one to three fluorine 
atoms; 

Rc is hydrogen, fluorine, hydroxy, mercapto, C M alkoxy, or C M alkyl; or Rb and 
Rc together with the carbon atom to which they are attached form a 3- to 6-membered 

« C r°' Cl ' 3 Sdkyi;NHC0NH 2, CONRjRj, CSNRjRj, COORj, 

C(=NH)NH 2 , hydroxy, C M alkoxy, amino, C M alkylamino, di(C W alkyl)amino 
halogen, (l,3-oxazol-2-yl), (l,3-thiazol-2-yl), or (imidazol-2-yl); wherein alkyl is ' 
unsubsttuted or substituted with one to three groups independently selected from 
halogen, ammo, hydroxy, cafboxy, and C1.3 alkoxy; 

Re and Rf are each independently hydrogen, hydroxy, halogen, C M alkoxy, amino, 
C M alkylamino, di(CM aIkyl)amino, C 3 -6 cycloalkylamino, di(C 3 6 
cycloalkyDamino, or C4-6 cycloheteroalkyl, unsubstituted or substimted with one to 
two groups independently selected from halogen, hydroxy, amino, C M alkyl, and 
C1-4 alkoxy; 

Rg is hydrogen, Cm alkyl, Cm alkynyl, halogen, cyano, carboxy, Cm 
alkyloxycarbonyl, azido, amino, Cm alkylamino, di(CM aIkyl)amino, hydroxy 
CM alkoxy, C M alkylthio, Cm alkylsulfonyl, (C M alkyl)o. 2 aminomethyl, or 
C4-6 cycloheteroalkyl, unsubstituted or substituted with one to two groups 
independently selected from halogen, hydroxy, amino, Cm alkyl, and C M alkoxy 
R' is hydrogen, C W0 alkylcarbonyl, P3O9H4, P 2 06H 3 , or P(0)Rm R n ; 
each RJ is independently hydrogen or Cm alkyl; 

R* and Rl are each independently hydrogen, methyl, hydroxymethyl, or fiuoromethyl; 

Rm and Rn are each independently hydroxy, OCH 2 CH 2 SC(=0)Cm alkyl 
OCH 2 0(C=0)OCM alkyl, NHCHMeC0 2 Me, OCH(Cm alkyl)0(O0)CM alkyl, 
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0(CH2) 9 CH 3 or OCO(CH2) 14 CH 3 . 

with the proviso that when R* and Rc are a-hydroxy, Re is amino, Rb is p-methyl and 
Rh is hydrogen or Rh is p-methyl and Rb is hydrogen, and Rf, Rg, Ri, Rk, and Rl are 
hydrogen, then Rd is not cyano or CONH2- 

5 The compounds of formula XII are also inhibitors of RNA-dependent 

RNA viral replication and are useful for the treatment of RNA-dependent RNA viral 
infection. 

In one embodiment of the novel compounds of structural formula XII 
are the compounds of structural formula XDI: 




10 : XIII 

wherein R* is hydrogen, halogen, hydroxy, amino, or C1.3 alkoxy; 
Rb is C1-3 alkyl, wherein alkyl is unsubstituted or substituted with hydroxy, amino, 
Ci_3 alkoxy, Ci-3 alkylthio, or one to three fluorine atoms; 
Rc is hydroxy, fluoro, or C1-4 alkoxy, 
15 Rd is hydrogen, cyano, methyl, halogen, or CONH2; 
Rg is hydrogen, amino, or C 1-4 alkylamino; 
Ri is hydrogen, P3O9H4, P2O6H3, or PO3H2; and 

Re and Rf are each independently hydrogen, hydroxy, halogen, amino, 
C1-4 alkylamino, di(Ci-4 alkyl)amino, or C3-6 cycloalkylamino; 

20 with the proviso that when Ra and Rc are a-hydroxy, Re is amino, Rb is methyl, and 
Rf, Rg, and Ri are hydrogen, then Rd is not cyano or CONH2. 

In a second embodiment of the compounds of structural formula XH 
are the compounds of structural formula XIII wherein: 
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Rb is methyl, fluoromethyl, hydroxymethyl, difluoromethyl, trifluoromethyl, or 
aminomethyl; 

R c is hydroxy, fluoro, or methoxy; 

Ra is hydrogen, fluoro, hydroxy, amino, or methoxy, 

R 1 is hydrogen or P3O9H4; 

Rg is hydrogen or amino; 

Rd is hydrogen, cyano, methyl, halogen, or CONH2; and 

Re and Rf are each independently hydrogen, fluoro, hydroxy, or amino; 

Ki, Rg, and Ri are hydrogen, then Rd i s not cyano or CONH2- 

Dlustrative of the novel compounds of the present invention of 
structural formula Xm which are useful as inhibitors of RNA-dependent RNA viral 
polymerase are the following: 
4-amino-7K2-C-me%l^^ 

^ino-7-(2-C-memyl-p^^^ 
4-memylamino-7-(2-^^ 

^memylamino-V^-C-memyl^D-ri^^ 

^yclopropylamino-K2-C-memyl^D-riboWosyl^ 

4-aimno-7-(2-C-vinyl-P-D-ribofur a nosyim-pynolo[2,3-^pyrim 

4-amino-7-(2-C-hydroxymemyl-P-D-ribofuranosyl>7^ 

4-ammo-7-(2-C-fluorome%^^^ 

4-anuno-5-memyl.7-(2-C-memyl.p-D-ribo^^ 

4-amin(>7-(2-C-me%l-p^D-ribofuranosyl>7ff.pyno^^ 
carboxylic acid, 

4-annno-5-bromo-7-^^^^ 

4 -™°-5^hloro-7-(2^^^^ 

^ammo-S-fluoro-^-C-memyl-p^D-ribommnosy^^ 
2 »^^no-7-(2-C-memyl^^^ 

2-amino.7-(2-C.memyl-P-I>ribofuranosylHH-pynolo[2,3^ 

2-amno^yclopropylamino-7^ 

tfjpyrimidine, 

2-amino-7-(2-C-memyl-^D-ribofuranosyl)-7H-p^ 

4-am 1 no-7-(2-C-emyl.^D-ribofuranosyl>7H-pytrolo[2^-d]py^ 
4-*^o-7-(2-C,2-0-d^^ 
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7<2-C-methyl-p-D-ribof^ 

2-amino-5-methyl-7<2-C,2-0-dimethyl-^^ 

4pyrimidin-4(3i?)-one, 

4-amino-7-(3-deoxy-2-C-me%l-^ pyrimidine, 
5 4-amino-7-(3^eoxy-2-C-methyl-p-D-arabin^ 
pyrimidine, 

4-amino-2-fluoro-7-(2-C-me(hyU^^ 
4-amino-7-(3-C-me%l-P-D-ribofuran^ 
4-amino-7-(3-C-me%l-p-D-xylofur^^ 
10 4-amino-7-(2,4-di-C-methyl-P-D^ m & 
4-amino-7<3-deoxy-3-fluoro-2-C-m^ 
rflpyrimidine; 

and the corresponding 5'-triphosphates; 

or a phannaceutically acceptable salt thereof. 
15 Further illustrative of the novel compounds of the present invention of 

structural formula XIII whicji are useful as inhibitors of RNA-dependent RNA viral 

polymerase are the following: 

4-amino-7-(2-C-methyl-P-D-ar^ 

4-amino-7-(2-C-methyl-p-D-ribof^ 
20 4-amino-7-(2-C-fluoromethyl-P-D-^^ 
. 4-amino-5-methyl-7-(2-C-methyl-P-D^^ 

4-amino-5-bromo-7-(2-C-methyl-P-^^^ 

4-amino-5<hloro-7-(2-C-methy^ 

4-amino-5-fluoro-7-(2-C-me%l-p-D-^^ 
25 and 

4-amino-7-(2-C,2-0-dime%l-p-^^ 

and the corresponding S'-triphosphates; 

or a phannaceutically acceptable salt thereof. 

Further structurally novel nucleoside derivatives of the present 
30 invention which are useful as inhibitors of RNA-dependent RNA viral polymerase are 

the following: 

3 * -deoxy-3 * -methyl-cytidine, 
S'jS^di-O-octanoyl^'-O-methyl-cytidine, 
3 ' -O-octanoyl-2 ' -0-methyl-cytidine, 
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4-aroino-7-(3^eoxy-3- m e%l-3- M ^ 
carboxamide, 

^anuno-S^l^P-D-riboW^ 
2 -^n^H3^eoxy-P-D-ribofu^^ 
2 -^°-7-<2-0-methyl^^^ 

^amino-T^-O-methyl-P-D-ribofuranosyl^^ 

7<2-0-methyl-P-D-ribofuranosyl)-7//-pym)lo[23-d]pyi^ 
2 -^no-3,4Klihydix^^ 

cQpyrimidin-5-carbonitrile, 

2-amino-5-methyl-7^2^methyl-P-D-rilx>fui^o S yl>7^ 
4(3if)-one, 

2- am mo^Woro-7^^^ 
carbonitrile, 

2-amincH^hloro-5^%l-7-(2-0-me%l-P-D-ribofuranos^^^^ 
» dlpynmidine, 

2-a m ino^Uoro-5-m^ 
^Ipyrimidine, J 

2-amino-7^2-(?-methyl-p.D^^^ 
tbione, 

2-aimno^Woio-7-^^ 
2 -^no^hloro-5- m ethyl^^^ 

2-ajmno-7<2Hieoxy.2-fluoro-P-D-a ra binofur^osyl^ 
4(3/2)-one, 

2 -amino^chloro-7<2^^ 
</]pyrimidine, 

^^o^D-arab™^ 
carbonitrile, 

9-(p-D-arabinofiiranosyl>9^-purin-6(lfl)-one, 

3'-amino-3'-deoxy-2'-0-methyl-adenosine, 

8-anuno-2'-C-methyladenosine, 

6-amino-l-(3-(Ieoxy-P-D-ribor^osyl)-lff-iinidazo[4,5^]pyri^^ 

6-amino-H3Kleoxy-3-fluo ro -^D-ribofui^osyl)-l^imidazo^ 
one, 

3 , -deoxy-2'-C7-(2-inethoxyethyl)-3 , -methyl-5-methyluridine, 
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2-amino-7<3^eoxy-p-D-ri 
flpyrimidin-5-caibonitrile; 
2-amino-7-(3-deoxy-3-methy^ 
carbonitrile, 
5 2-amino-7-(3-deoxy-3-methyl-P-M^ 
one, 

2-amino-7-(3-deoxy-3-fluoro-P-D^^ 
one, 

6-amino-l-(2-0-me%l-P-D^^ 
6-amino-l-(3-deoxy-3-methy^^ 
one, 

6-amino-l-(2-deoxy-2-fluoro-P-D-ribof^^ 
one, 

1- (2-C-methyl-P-D-arabinofuranosyl)uraca, 
4-amino-l-(3Hdeoxy-3-fluoro-P-D-riboftiranosy^ 

2- amino-7-(-3-deoxy-3-fluoso-P^^ 
[2,3-d]pyrimidin-5-carboxamide, 
4-amino-l-(2-C-me%I-p-DHrf^ 

4-amiho-l-(3-deoxy-p-D-ribof^ and 
4-amino-l-(3-deoxy-3-methyl-P-D-ri^^ 
and the corresponding 5'-triphosphates; 
or a pharmaceutical acceptable salt thereof. 

In a further embodiment the novel compounds of the present invention 
are useful as inhibitors of positive-sense single-stranded RNA-dependent RNA viral 
polymerase, inhibitors of positive-sense single-stranded RNA-dependent RNA viral 
replication, and/or for the treatment of positive-sense single-stranded RNA-dependent 
RNA viral infection. In a class of this embodiment, the positive-sense single-stranded 
RNA-dependent RNA virus is a Flaviviridae virus or a Picornaviridae virus. In a 
subclass of this class, the Picornaviridae virus is a rhinovirus, a poliovirus, or a 
hepatitis A virus. In a second subclass of this class, the Flaviviridae virus is selected 
from the group consisting of hepatitis C virus, yellow fever virus, dengue virus, West 
Nile virus, Japanese encephalitis virus, Banzi virus, and bovine viral diarrhea virus 
(BVDV). In a subclass of this subclass, the Flaviviridae virus is hepatitis C virus. 



-42- 



WO 02/057425 



PCT/US02/01531 



10 



15 



20 



25 



30 



35 



Throughout the instant application, the following tenns have the 
indicated meanings: 

The alkyl groups specified above are intended to include those alkyl 
groups of the designated length in either a straight or branched configuration 
Exemplary of such alkyl groups are methyl, ethyl, propyl, isopropyl, butyl, sec-butyl 
tertiary butyl, pentyl, isopentyl, hexyl, isohexyl, and the like. 

The term "alkenyl" shall mean straight or branched chain alkenes of 
two to six total carbon atoms, or any number within this range (e.g., ethenyi, propenyl 
butenyl, pentenyl, etc.). y 

The term "alkynyl" shall mean straight or branched chain alkynes of 
two to six total carbon atoms, or any number within this range (e.g., ethynyl, 
propynyl, butynyl, pentynyl, etc.). 

The term "cycloalkyF shall mean cyclic rings of alkanes of three to 
eight total carbon atoms, or any number within this range (i.e., cyclopropyl 
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, or cyclooctyl)! 

The term "ey^loheteroalkyr' is intended to include non-aromatic 
heterocycles containing one or two heteroatoms selected from nitrogen, oxygen and 
sulfur. Examples of 4-6-membered cycloheteroalkyl include azetidinyl, pyrrolidinyl 
pipendmyl, morpholinyl, thiamorpholinyl, imidazolidinyl, tetrahydrofuranyl 
tetrahydropyranyl, tetrahydrothiophenyl, piperazinyl, and the like. 

u ^ eteTO "^W'referstostraightorbranchedchainalkoxidesofthe 
number of carbon atoms specified ( e . gs , C M alkoxy), or any number within this 

range [i.e., methoxy (MeO-), ethoxy, isopropoxy, etc.]. 

The term "alkylthio" refers to straight or branched chain alkylsulfides 
of the number of carbon atoms specified (e.g., Cj A alkylthio), or any number within 
this range [i.e., methylthio (MeS-), ethylthio, isopropylthio, etc.]. 

Theteim-alkylamino-referatostraightorbranchedalk^ 
the number of carbon atoms specified (e.g., Ci-4 alkylamino), or any number within 

this range [i.e., methylamino, ethylamino, isopropylamino, t-butylamino, etc.]. 

The term "alkylsulfonyl" refers to straight or branched chain 
alkylsulfones of the number of carbon atoms specified (e.g., Cj-6 alkylsulfonyl), or 
any number within this range [i.e., methylsulfonyl (MeS0 2 -), ethylsulfonyl, 
isopropylsulfonyl, etc.]. 

The term "alkyloxycarbonyl" refers to straight or branched chain esters 
of a carboxylic acid derivative of the present invention of the number of carbon atoms 
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specified (e.g., Ci-4 alkyloxycarbonyl), or any number within this range [i.e., 
methyloxycarbonyl (MeOCO-), ethyloxycaibonyl, or butyloxycarbonyl]. 

The term "aryl" includes both phenyl, naphthyl, and pyridyl. The aryl 
group is optionally substituted with one to three groups independently selected from 
Ci-4 alkyl, halogen, cyano, nitro, trifluoromethyl, Ci-4 alkoxy, and Ci-4 alkylthio. 

The term "halogen" is intended to include the halogen atoms fluorine, 
chlorine, bromine and iodine. 

The term "substituted" shall be deemed to include multiple degrees of 
substitution by a named substituent. Where multiple substituent moieties are 
disclosed or claimed, the substituted compound can be independently substituted by 
one or more of the disclosed or claimed substituent moieties, singly or plurally. 

The term "S'-triphosphate" refers to a triphosphoric acid ester 
derivative of the S'-hydroxyl group of a nucleoside compound of the present invention 
having the following general structural formula VII: 




VII 



wherein B, Z, R1-R4 Rl2 and Rl3 are as defined above. The compounds of the 
present invention are also intended to include pharmaceutically acceptable salts of the 
triphosphate ester as well as pharmaceutically acceptable salts of S'-monophosphate 
and 5'-diphosphate ester derivatives of the structural formulae VIII and DC, 
20 respectively, 
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The term "5MS-acyl-2-tmoethyl)phosphate" or "SATE" refers to a 
mono- or di-ester derivative of a ^-monophosphate nucleoside of the present 
invention of structural formulae X and M, respectively, as well as pharmaceutically 
acceptable salts of the mono-ester, 





XI 

■ 

The term "composition", as in "pharmaceutical composition," is 
intended to encompass a product comprising the active ingredient(s) and the inert 
mgredient(s) that make up the carrier, as well as any product which results, directly or 
indirectly, from combination, complexation or aggregation of any two or more of the 
ingredients, or from dissociation of one or more of the ingredients, or from other types 
of reactions or interactions of one or more of the ingredients. Accordingly, the 
pharmaceutical compositions of the present invention encompass any composition 
made by admixing a compound of the present invention and a pharmaceutically 
acceptable carrier. 

The terms "a(iministration of and "administering a" compound should 
be understood to mean providing a compound of the invention or a prodrug of a 
compound of the invention to the individual in need. 

Another aspect of the present invention is concerned with a method of 
inhibiting HCV NS5B polymerase, inhibiting HCV replication, or treating HCV 
infection with a compound of the present invention in combination with one or more 
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agents useful for treating HCV infection. Such agents active against HCV include, 
but are not limited to, ribavirin, levovirin, viramidine, thymosin alpha-1, interferon-a, 
pegylated interferon-a (peginterferon-a), a combination of interferon-a and ribavirin, 
a combination of peginterferon-a and ribavirin, a combination of interferon-a and 
5 levovirin, and a combination of peginterferon-a and levovirin. Interferon-a includes, 
but is not limited to, recombinant interferon-a2a (such as Roferon interferon available 
from Hof6nann-LaRoche, Nutley, NJ), pegylated hterferon-a2a (Pegasys™), 
interferori-a2b (such as Intron-A interferon available from Schering Corp., 
Kenilworth, NJ), pegylated interferon-o2b (Peglntron™), a recombinant consensus 
10 interferon (such as interferon alphaCon-1), and a purified interferon-a product 

Amgen's recombinant consensus interferon has the brand name Ihfergen®. Levovirin 
is the L-enantiomer of ribavirin which has shown immunomodulatory activity similar 
to ribavirin. Viramidine is an amidino analog of ribavirin disclosed in WO 01/60379 
(assigned to ICN Pharmaceuticals). la accordance with this method of the present 
15 invention, the individual components of the combination can be administered 

separately at different times ^during the course of therapy or concurrently in divided or 
single combination forms. The instant invention is therefore to be understood as 
embracing all such regimes of simultaneous or alternating treatment, and the term 
"administering" is to be interpreted accordingly. It will be understood that the scope 
20 of combinations of the compounds of this invention with other agents useful for 

treating HCV infection includes in principle any combination with any pharmaceutical 
composition for treating HCV infection. When a compound of the present invention 
or a pharmaceutical^ acceptable salt thereof is used in combination with a second 
therapeutic agent active against HCV, the dose of each compound may be either the 
25 same as or different from the dose when the compound is used alone. 

For the treatment of HCV infection, the compounds of the present 
invention may also be administered in combination with an agent that is an inhibitor 
of HCV NS3 serine protease, such as LY570310 (VX-950). HCV NS3 serine 
protease is an essential viral enzyme and has been described to be an excellent target 
30 for inhibition of HCV replication.. Both substrate and non-substrate based inhibitors 
of HCV NS3 protease inhibitors are disclosed in WO 98/17679, WO 98/22496, WO 
98/46630, WO 99/07733, WO 99/07734, WO 99/38888, WO 99/50230, WO 
99/64442, WO 00/09543, WO 00/59929, WO 01/74768, WO 01/81325, and GB- 
2337262. HCV NS3 protease as a target for the development of inhibitors of HCV 
replication and for the treatment of HCV infection is discussed in B.W. Dymock, 
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mT" theR,pieS f ° r hepadtis ° infection,,, ^^^W^' 6: 

ttbavirin,levovirin,andvh^^ 
by modulating intracellular pools of guanine nucleotides via inhibition of the 
> .ntraceUular enzyme inosine monophosphate dehydrogepaseOMPDH). IMPDHisthe 
rate-limiting enzyme on the biosynthetic route in de novo guanine nucleotide 
biosynthesis. Ribavirin is readily phosphorylated intracellularly and the 
monophosphate derivative is an inhibitor of IMPDH. Thus, inhibition of IMPDH 
represents another useful targetfor the discovery of inhibitors of HCV replication. 
Therefore, the compounds of the present invention may also be adrninistered in 

n * wn r 22 ' (aSSi8ned 10 ^ -*er IMPDHinhibitor, such as 

225? s 1™* 780( ^ 

FormetreatmentofHCVinfe^on,mecompoundsofthepresent " 
invention may also be administered in combination with the antiviral agent 
amantadine (1-aminoadama^tane) [for a comprehensive description of this agent, see 
J. Kirschbaum, Anal. Profiles r>mp gybg 1? . x 

***** , ™ e T poun ^ offte ^ enu ^^^^ 

^eatment of *CV infection with antiviral 2-C-branched ribonucleosides disclosed in 
R. R Iferry-O kuru, et al., 1^0^62: 1754-1759 (1997); M. S. Wolfe, et al., 

36: 7611-7614(1995); and U.S. Patent No. 3,480,613 (Nov. 25, 
1969), the contents of which are incorporated by reference in their entirety. Such T- 
C-branched nbonucleosides include, but are not limited to, 2'-C-methyl-cytidine T- 

By "pharmaceuticaJly acceptable" is meant that the carrier, diluent, or 
exeunt must be compatible with.the other ingredients of the formulation and not 
deleterious to the recipient thereof. 

Also included within the present invention are pharmaceutical 
compositions comprising the novel nucleoside compounds and derivatives thereof of 
die present invention in association with a pharmaceuticaJly acceptable carrier 

Anotherexampleoftheinventionisapharmaceuticalcompositionmadeby ' 
combining any of the compounds described above and a pharmaceutical^ acceptable 
earner. Another illustration of the invention is a process for making a pharmaceutical 
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composition comprising combining any of the compounds described above and a 
pharmaceutical^ acceptable carrier. 

Also included within the present invention are pharmaceutical 
compositions useful for inhibiting RNA-dependent RNA viral polymerase in 
5 particular HCV NS5B polymerase comprising an effective amount of a compound of 
this invention and a pharmaceutical^ acceptable carrier. Pharmaceutical 
compositions useful for treating RNA-dependent RNA viral infection in particular 
HCV infection are also encompassed by the present invention as well as a method of 
inhibiting RNA-dependent RNA viral polymerase in particular HCV NS5B 
0 polymerase and a method of treating RNA-dependent viral replication and in 
particular HCV replication. Additionally, the present invention is directed to a 
pharmaceutical composition comprising a therapeutically effective amount of a 
compound of the present invention in combination with a therapeutically effective 
amount of another agent active against RNA-dependent RNA virus and in particular 
against HCV. Agents active against HCV include, but are not limited to, ribavirin, 
levovirin, viramidine, thymosin alpha-1, an inhibitor of HCV NS3 serine protease, 
interferon-a, pegylated interferon-a (peginterferon-a), a combination of interferon-a 
and ribavirin, a combination of peginterferon-a and ribavirin, a combination of 
interferon-a and levovirin, and a combination of peginterferon-a and levovirin. 
Interferon-a includes, but is not limited to, recombinant interferon-a2a (such as 
Roferon interferon available from Hoflfinann-LaRoche, Nutley, NJ), interferon-a2b 
(such as Intron-A interferon available from Schering Corp., J&nilworth, NJ), a 
consensus interferon, and a purified interferon-a product For a discussion of 
ribavirin and its activity against HCV, see J.O. Saunders and S.A. Raybuck, "Ihosine 
Monophosphate Dehydrogenase: Consideration of Structure, Kinetics, and 
Therapeutic Potential," Ann. Ren. Med. Chenv . 35: 201-210 (2000). 

Another aspect of the present invention provides for the use of 
nucleoside compounds and derivatives thereof and their pharmaceutical compositions 
for the manufacture of a medicament for the inhibition of RNA-dependent RNA viral 
replication, in particular HCV replication, and/or the treatment of RNA-dependent 
RNA viral infection, in particular HCV infection. Yet a further aspect of the present 
invention provides for nucleoside compounds and derivatives thereof and their 
pharmaceutical compositions for use as a medicament for the inhibition of RNA- 
dependent RNA viral replication, in particular HCV replication, and/or for the 
treatment of RNA-dependent RNA viral infection, in particular HCV infection. 
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The phaimaceutical compositions of the present invention comprise a 
compound of structural formula I, IV, or XH as an active ingredient or a 
pharmaceutical^ acceptable salt thereof, and may also contain a phannaceutically 
acceptable carrier and optionally other therapeutic ingredients. 

The compositions include compositions suitable for oral, rectal 
topical, parenteral (including subcutaneous, intramuscular, and intravenous), ocular 
(ophthalmic), pulmonary (nasal or buccal inhalation), or nasal administration 
although the most suitable route in any given case will depend on the nature and 
seventy of the conditions being treated and on the nature of the active ingredient 
They may be conveniently presented in unit dosage form and prepared by any of the 
methods well-known in the art of pharmacy. 

In practical use, the compounds of structural formulae I, IV and XII 
can be combined as the active ingredient in intimate admixture with a pharmaceutical 
earner according to conventional pharmaceutical compounding techniques. The 
carrier may take a wide variety of forms depending on the form of preparation desired 
for administration, e.g., oraljor parenteral (including intravenous). In preparing the 
compositions for oral dosage form, any of the usual pharmaceutical media may be 
employed, such as, for example, water, glycols, oils, alcohols, flavoring agents 
preservatives, coloring agents and the like in the case of oral liquid preparations, such 
as, for example, suspensions, elixirs and solutions; or carriers such as starches sugars 
microcrystalline cellulose, diluents, granulating agents, lubricants, binders 
disintegrating agents and the like in the case of oral solid preparations such as for 
example, powders, hard and soft capsules and tablets, with the solid oral preparations 
being preferred over the liquid preparations. 

Because of their ease of administration, tablets and capsules represent 
the most advantageous oral dosage unit form in which case solid pharmaceutical 
carriers are obviously employed. If desired, tablets may be coated by standard 
aqueous or nonaqueous techniques. Such compositions and preparations should 
contain at least 0.1 percent of active compound. The percentage of active compound 
m these compositions may, of course, be varied and may conveniently be between 
about 2 percent to about 60 percent of the weight of the unit. The amount of active 
compound in such therapeutically useful compositions is such that an effective dosage 
will be obtained. The active compounds can also be administered intranasally as, for 
example, liquid drops or spray. 
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The tablets, pills, capsules, and the like may also contain a binder such 
as gum tragacanth, acacia, corn starch or gelatin; excipients such as dicalcium 
phosphate; a disintegrating agent such as corn starch, potato starch, alginic acid; a 
lubricant such as magnesium stearate; and a sweetening agent such as sucrose, lactose 
5 or saccharin. When a dosage unit form is a capsule, it may contain, in addition to 
materials of the above type, a liquid carrier such as a fatty oil. 

Various other materials may be present as coatings or to modify the 
physical form of the dosage unit For instance, tablets may be coated with shellac, 
sugar or both. A syrup or elixir may contain, in addition to the active ingredient, 
sucrose as a sweetening agent, methyl and propylparabens as preservatives, a dye and 
a flavoring such as cherry or orange flavor. 

Compounds of structural formulae I, IV, and XII may also be 
administered parenterally. Solutions or suspensions of these active compounds can be 
prepared in water suitably mixed with a surfactant such as hydroxy-propylcellulose. 
Dispersions can also be prepared in glycerol, liquid polyethylene glycols and mixtures 
thereof in oils. Under ordinary conditions of storage and use, these preparations 
contain a preservative to prevent the growth of microorganisms. 

The pharmaceutical forms suitable for injectable use include sterile 
aqueous solutions or dispersions and sterile powders for the extemporaneous 
preparation of sterile injectable solutions or dispersions. In all cases, the form must 
be sterile and must be fluid to the extent that easy syringatrility exists. It must be 
stable under the conditions of manufacture and storage and must be preserved against 
the contaminating action of microorganisms such as bacteria and fungi. The carrier 
can be a solvent or dispersion medium containing, for example, water, ethanol, polyol 
(e.g. glycerol, propylene glycol and liquid polyethylene glycol), suitable mixtures 
thereof, and vegetable oils. 

Any suitable route of administration may be employed for providing a 
mammal, especially a human with an effective dosage of a compound of the present 
invention. For example, oral, rectal, topical, parenteral, ocular, pulmonary, nasal, and 
the like may be employed. Dosage forms include tablets, troches, dispersions, 
suspensions, solutions, capsules, creams, ointments, aerosols, and the like. Preferably 
compounds of structural formulae I, IV, and XH are administered orally. 

For oral administration to humans, the dosage range is 0.01 to 1000 
mg/kg body weight in divided doses. In one embodiment the dosage range is 0.1 to 
100 mg/kg body weight in divided doses. In another embodiment the dosage range is 
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0.5 to 20 mg/kg body weight in divided doses. F 0r oral administration, the 

rSTT ^ PrefeiBbly PIOVided in fonn ° f tebIets or containing 1 0 

to 1000 miUigrams of the active ingredient, particularly, 1, 5, 10 15 20 25 50 75 

^150,200,250,300,400,500,6,0,750,800,900,^ 

act,ve angreorent for the symptomatic adjustment of the dosage to the patient to be 
treated. 

The effective dosage of active ingredient employed may vary 
dependmg on the particular compound employed, the mode of administration, the 
condmon bexng treated and the severity of the condition being treated. Suchdosage 
^-^m^^^iou^^ Thisdosageregimenmarbe 
adjusted to provide the optimal therapeutic response. Y 

The compounds of the present invention contain one or more 
asymmetric centers and can thus occur as racemates and racemic mixtures, single 
enanbomers, djastereomeric mixtures and individual diastereomen. The present 
invention is meant to comprehend nucleoside derivatives having the B-D 
ste^hemicalc.nfigumti^formefive-memb^^ 

C-l and C-4 of the five-membered furanose ring have the Mereochemical 
configuration ("up" orientation as denoted by a bold line). 




R 3 R 
B-D- 



The stereochemistry of the substituents at the C-2 and C-3 positions of 
me furanose ring of the compounds of the present invention is denoted either by a 
dashed hue which signifies that the substituent, for example R 2 m structural ^ 
Hh^eaCsubs^tuent-do^confi^ 
*e substrtuent, forexampleRS * formula ^ ^ ^ 

(substtuent "down") or 0 (substituent "up") configuration. 
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Some of the compounds described herein contain olefinic double 
bonds, and unless specified otherwise, are meant to include both E and Z geometric 
isomers. 

Some of the compounds described herein may exist as tautomers such 
as keto-enol tautomers. The individual tautomers as well as mixtures thereof are 
encompassed with compounds of structural formulae I, IV, and XII. An example of 
keto-enol tautomers which are intended to be encompassed within the compounds of 
the present invention is illustrated below: 




10 



Compounds of structural formulae I, IV, and XII may be separated into 
their individual diastereoisomers by, for example, fractional crystallization irom a 
suitable solvent, for example methanol or ethyl acetate or a mixture thereof, or via 
15 chiral chromatography using an optically active stationary phase. 

Alternatively, any stereoisomer of a compound of the structural 
formulae I, IV, and XII may be obtained by stereospecific synthesis using optically 
pure starting materials or reagents of known configuration. 

The stereochemistry of the substituents at the C-2 and C-3 positions of 
20 the furanose ring of the novel compounds of the present invention of structural 

formula XII is denoted by squiggly lines which signifies that substituents Ra, Rb rc 
and Rh can have either the a (substituent "down") or p (substituent **up") 
configuration independently of one another. 
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C-3 Ra R o c-2 
(XII) 

The compounds of the present invention may be adniinistered in the 
form of a pharmaceutical^ acceptable salt. The term "pharmaceuticaUy acceptable 
salt" refers to salts prepared from pharmaceutically acceptable non-toxic bases or 
acids including inorganic or organic bases and inorganic or organic acids. Salts of 
basic compounds encompassed within the term "pharmaceutically acceptable salt" 
refer to non-toxic salts of the compounds of this invention which are generally 
prepared by reacting the free base with a suitable organic or inorganic acid. 
Representative salts of basic compounds of the present invention include, but are not 
limited to, the following: acetate, benzenesulfonate, benzoate, bicarbonate, bisulfate, 
bitartrate, borate, bromide, camsylate, carbonate, chloride, clavulanate, citrate, 
dihydrochloride, edetate, edisylate, estolate, esylate, fumarate, gluceptate, gluconate, 
glutamate, glycollylarsanilate, hexylresorcinate, hydrabamine, hydrobromide, 
hydrochloride, hydroxynaphthoate, iodide, isothionate, lactate, lactobionate, laurate, 
malate, maleate, mandelate, mesylate, methylbromide, methylnitrate, methylsulfate,' 
mucate, napsylate, nitrate, N-memylglucaniine ammonium salt, oleate, oxalate, 
pamoate (embonate), palmitate, pantothenate, phosphate/diphosphate, 
polygalacturonate, salicylate, stearate, sulfate, subacetate, succinate, tannate, tartrate, 
teoclate, tosylate, triethiodide and valerate. Furthermore, where the compounds of the 
invention carry an acidic moiety, suitable pharmaceutically acceptable salts thereof 
include, but are not limited to, salts derived from inorganic bases including aluminum, 
ammonium, calcium, copper, ferric, ferrous, lithium, magnesium, manganic, 
mangamous, potassium, sodium, zinc, and the like. Particularly preferred are the 
ammonium, calcium, magnesium, potassium, and sodium salts. Salts derived from 
25 pharmaceutically acceptable organic non-toxic bases include salts of primary, 

secondary, and tertiary amines, cyclic amines, and basic ion-exchange resins. such as 
arginine, betaine, caffeine, choline, N^-dibenzylethylenediamine, diewylamine, 2- 
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diethylaminoethanol, 2-dimethylaminoethanol, ethanolamine, ethylenediamine, N- 
ethylmorpholine, N-ethylpiperidine, glucamine, glucosamine, histidine, hydrabamine, 
isopropylamine, lysine, methylglucamine, moipholine, piperazine, piperidine, 
polyamine resins, procaine, purines, theobromine, triethylamine, trimethylamine, 
5 tripropylamine, tromethamine, and the like. 

Also, in the case of a carboxylic acid (-COOH) or alcohol group being 
present in the compounds of the present invention, pharmaceutically acceptable esters 
of carboxylic acid derivatives, such as methyl, ethyl, or pivaloyloxymethyl, or acyl 
derivatives of alcohols, such as acetate or maleate, can be employed. Included are 
10 those esters and acyl groups known in the art for modifying the solubility or 
hydrolysis characteristics for use as sustained-release or prodrug formulations. 

Preparation of the Nucleos ide Compounds and Derivatives of the 

Invention 

15 Th e nucleoside compounds and derivatives thereof of the present 

invention can be prepared following synthetic methodologies well-established in the 
practice of nucleoside and nucleotide chemistry. Reference is made to the following 
text for a description of synthetic methods used in the preparation of the compounds 
of the present invention: "Chemistry of Nucleosides and Nucleotides," L.B. 

20 Townsend, ed., Vols. 1-3, Plenum Press, 1988, which is incorporated by reference 
herein in its entirety. 

A representative general method for the preparation of compounds of 
the present invention is outlined in Scheme 1 below. This scheme illustrates the 
synthesis of compounds of the present invention of structural formula 1£7 wherein the 

25 furanose ring has the P-D-ribo configuration. The starting material is a 3,5-bis-O- 
protected alkyl furanoside, such as methyl furanoside, of structural formula 1A. The 
C-2 hydroxyl group is then oxidized with a suitable oxidizing agent, such as a 
chromium trioxide or chromate reagent or Dess-Martin periodinane, or by Swern 
oxidation, to afford a C-2 ketone of structural formula h2. Addition of a Grignard 

30 reagent, such as an alkyl, alkenyl, or alkynyl magnesium halide (for example, 

MeMgBr, EtMgBr, vinylMgBr, aUylMgBr, and ethynylMgBr) or an alkyl, alkenyl, or 
alkynyl lithium, such as Meli, across the carbonyl double bond of ±2 in a suitable 
organic solvent, such as tetrahydrofuran, diethyl ether, and the like, affords the C-2 
tertiary alcohol of structural formula A good leaving group (such as CI, Br, and 

35 I) is next introduced at the C-l (anomeric) position of the furanose sugar derivative by 
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treatment of the roranoside of fonnula 1-3 with a hvrim«„ m a ■ 
naMej^. A C-l sulfonate, such methanesuIfonateCMeSOja) 

tatenke)!^ The nucleoside Bnkage is corctsucfcd b ™ J™ 
—dto of abuehnaj totala 14 with toe metal salt (aoch a H 
»*« app^auhsdh.ted U^S^^^ 

** Itydroaide (at* as potass™ hydride), an alkali «taJT«2^' 
stable aohydroos „^ c ^ „ . ' , 

15 ^y^byusingaph^t^ercattJy^s^ha.roA.i^ Kaa " 0ncanto 

^P^e^ooofftepyno^p^dioen^eos isefl^bT 
tteatmeotoflhe^oalointemiediatel-Swiihthem^^ , . """^ 

t«nn,onia or Booid ammonia, ,„ geoeiTol! ^ I"* " "* :0l "" iC 
>.„.ia.i • ■"•"■eOMrateapnmaiyamme at the C4 position (-NH,1 

analltylaifflnetogeiientea^daiyaininef-NHR) or.rftatwi °°° (NH A 

compounds of the present invention. 
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Scheme 1 
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° R R b MgX 



Pg = protecting group 
R = lower alkyl 



(X = CI,Br, or I) 



Pgd t>H X^CI,Br,orl p 9^ OH 
1-3 I M 




M = Li, Na, orK 
X = CI, Br, or I 



10 




N- 



1-6 



'N^R* 



1 . remove Pg 
- ► 

2. optional 

displacement of X 
with R G 
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Hie examples below provide citations to literature publications, which 
contain details for the preparation of final compounds or intermediates employed in 
the preparation of final compounds of the present invention. The nucleoside 
compounds of the present invention were prepared according to procedures detailed in 
the following examples. The examples are not intended to be limitations on the scope 
of the instant invention in any way, and they should not be so construed. Those 
skilled in the art of nucleoside and nucleotide synthesis will readily appreciate that 



-56 



WO 02/057425 



PCT/US02/01531 



ta» —>-.<#». condiaons and „f thefollowtagp^v, 



EXAMPLE 1 



3'-DeoxY puanosine 




EXAMPTR? 
15 3, -Deoxv-T.flu or0fmano<! i nA . 



O 

20 

EXAMPLE 3 
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8-Azidoguanosine 

O 

H0 '^\^y N 2 

H(S \\\ 

This compound was prepared following the procedures described in 
5 Chem. Pharm. BullA6: 1616 (1968). 

EXAMPLE 4 

8-Bromoguanosine 

o 

This compound was obtained from commercial sources. 
EXAMPLES 

15 

2'-0-Methvlpuanosine 
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15 



20 




Hd 'bMe 
This compound was obtained from commercial sources. 
EXAMPTP.fi 
S'-Deoxy^'-ffluoromethvl^ian™;.^ 




NH 



To a solution of U-0-diacetyl-5-0-(p-toluoyl)-3-deoxy-3- 
(fluorcmemyl)-D-nbofuranose (257 mg, 0.7 mmol) [prepared by a similar method as 

TJTT^ C T P ° nding 5 -°- ben2yl in a™. 36: 353 

(1993)] and N -a^tyl-^diphenylcarbamoyOguanine (554 mg, 1.43 mmol) in. 
anhydrous acetonitrile (6.3 mL) was added bis(trimethylsilyl)acetamide (BSA) (1 03 
g, 5 mmol). The reaction mixture was stirred at reflux for 30 minutes, and the bath 
was removed. The reaction mixture was cooled in an ice bath and TMS-triflate (288 
mg, 1 J mmol) was added with stirring. After addition was complete, the reaction was 
heated at reflux for 2 hx, the reaction mixture was poured onto ice and extracted with 
chloroform (5 x 10 mL). The combined organic layers were washed with aqueous 
saturated sodium bicarbonate, brine and dried over anhydrous Na 2 S0 4 . The solvent 
was removed under reduced pressure and the residue chromatographed over silica gel 
usmg 5% acetone/CH 2 Cl 2 as the eluant to furnish the fully protected corresponding 
nucleoside derivative. This was dissolved in 1,4-dioxane (1.5 mL) to which was 
added 40% MeNH^O (1.3 g, 17 mmol). The reaction mixture was stirred for 1 
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day, evaporated and the residue crystallized with ether/MeOH to provide the title 
compound (58 mg). *H NMR (DMSO-de): 8 2.76-2.67 (m, 1H); 3.55-3.50 (m, 1H), 
2.76-2.67 (m, 1H); 3.71-3.66 (m, 1H), 4.08-4.04 (m, 1H), 4.77-4.50 (m, 3H), 5.06 (t, 
1H, J = 5.3 Hz), 5.69 (d, 1H, J = 3.4 Hz), 5.86 (d, 1H, / = 5.1 Hz), 6.45 (bs, 2H), 7.97 
5 (s, 1H), 10.59 (s, 1H). 19 F NMR (DMSO-<&): 5 -221.46 (m, F). 

EXAMPLE 7 

10 2-Anuno-3.4-dmvdro-4-oxo-7-m-D-rihn f^ 
carbnxamirift 



H 2 NOC O 




Vl A A 



HO bH 

This compound was prepared following the procedures described in 
15 Tetrahedron. Lett. 25: 4793 (1983). 

EXAMPLE 8 

2-Amin(>-3.4-dihvdro-4-oxo-7-(B -D^^ 
20 carponitrile 




h<5 OH 



-60- 



WO 02/057425 



PCT/US02/01531 



This compound was prepared following the procedures described in J 
Am. Chem. Srv» 9 8: 7870 (1976). ~ 



5 



EXAMPLR 9 



Et Q 




NH 



2-Ami n o-7-(5-^rr-butv1d imftri , Y i g; , y , „ gzOjso^Bffide^ r 
nbofuranosy^hlo^ 

To a stirred suspension of 2-animo^hloro-5^thyl-lH-pyrrolor2 3- 
rfjpynmidine [described in EP 866070 (1998)] (1.57 g, 8 mmol) in dry MeCN (48 
mL) was added NaH (60% in mineral oil; 0.32 g, 8 mmol), and the mixture was 
stmed at room temperature for 1 h. A solution of 5-0-rm-butyldimethylsilyl-2 3-0 
^PyHdene^D-ntefuranosyl chloride [generated in situ from the corresponding 

(1986)] in dry THF (9.6 mL) was added at room temperature, and the mixture was 
stmed overnight, then evaporated to dryness. The residue was suspended in water 
(100 mL) and extracted with EtOAc. (200 + 150 mL). The combined extracts were 
washed with brine, dried (Na 2 S0 4 ) and evaporated. The residue was purified on a 
silica gel column using a solvent system of hexanes/EtOAc: 7/1. Appropriate fractions 
were collected and evaporated to dryness to give the title compound (1 4 g) as a 
colorless foam. ^ 

„ Z-Ammo^-chloi^ft^^ 
/3 _<flpvrimidine 

nm A mixture of the compound from Step A (1.19 g, 2.5 mmol) in MeOH 

(100 mL) and water (50 mL) was stirred with DOWEX H* (to adjust pH of the 
mixture to 5) at room temperature for 2.5 h. The mixture was filtered and the resin . 
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thoroughly washed with MeOH. The combined filtrate and washings were evaporated 
and the residue coevaporated several times with water to yield the title compound 
(0.53 g) as a white solid. 

5 Step C: 2-Amin6-5-et hvlVMB-D-ri^^ 
4(3ff)-one 

A mixture of the compound from Step B (104 mg, 0.32 mmol) in 2N 
aqueous NaOH (10 mL) was stirred at reflux temperature for 15 min. The solution 
was cooled in ice bath, neutralized with 2 N aqueous HC1, and evaporated to dryness. 

10 The residue was suspended in MeOH, mixed with silica gel, and evaporated The 
solid residue was placed onto a silica gel column (packed in a solvent mixture of 
CH 2 Cl2/MeOH: 10/1) which was eluted with a solvent system of CH 2 Cl2/MeOH: 10/1 
and 5/1. The fractions containing the product were collected and evaporated to 
dryness to yield the title compound (48 mg) as a white solid 

15 J H NMR (CD 3 OD): 5 1.22 (t, 3H), 2.69 (q, 2H), 3.69, 3.80 (2m, 2H), 4.00 (m, 1H), 
4.22 (m, 1H), 4.45 (t, 1H), 5*86 (d, 1H, 7= 6.0 Hz), 6.60 (d, 1H, /= 1.2 Hz). 

EXAMPLE 10 

20 2-Amino-7^3^xv-B-D-ribofuranosvll7 ^ 



O 




Step A: 2-Amino-7-(2.3-anhvdip-ft-^ 
pvrrolor2.3^Dvrimidine 
25 To a mixture of 2-amino-7-(p-D-ribofuranosyI)^hJoro-7//- 

pym)lo[2,3-d]pyrimidine (1.8 g, 6.0 mmol) in acetonitriie (80 mL) were added a 
solution of H2O/CH3CN (1:9, 1.08 mL) and then a-acetoxyisobutyryl bromide (3.5 
mL, 24 mmol). After 2 h stirring at room temperature, saturated aqueous NaHC0 3 
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10 



15 



70ni) wasaddedandAe ^ w ^ ex ^^ 

SET ?^^^^~^»^i»-^LcW 
(80 mL) and stared overnight with 25 mL of DOWEX OH" n>«in t 7 

~ ^ t>u nnnfti ranosvl)-4.i n ethoTv-7y/. P ^i nr o - 

tflpvrimirii™ , y i7 PY rroioK L 



20 



25 



A mixture of compound from Step B (0.4 g 1 4 mmon i„ w 
NaOH (40 mL) was stared at reflux temperature for 3 C^lZ ^ 
ice bath, neutralized with 2 N aoueon, wTT ^ C0 ° tod fa 

the title compound as white solid (0 3 g) 9 

•HN^pMSO^): 5 i. 8 5 > 2.12(2m,2H),3.55,3.46(2dd,2H) 418(m 1HV 4M 
m 1H), 4.85 (7, 1H), 5.42 (d, 1H) 5.82 (d, 1H, 7=2.4 Hz) 6 19fc £ 6^ ,f 
/=3.6 Hz), 6.87 (d, 1H), 10.31 (s, 1H) ( ^ 23 (4 1H> 



30 



EXAMPT.P. 11 
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Step A: 2-Ainino-^ Moro-7-f5-f-butvldimethv1silvl-2.3-0-isoDroDv1idene-p. 
D-ribofuranosvlV7g-DvnDlor2.3-Jlpvrimidine 
HMPT (10.65 ml, 55 mmol) was added portionwise over 30 min. to a 
5 solution of 5^-tert-butyldimethylsilyl^ (13,3 & 

44 mmol), dry THF (135 mL), CC1 4 (5.62 mL, 58 mmol) under N 2 at -76°C. After 30 
min., the temp, was raised to -20°C. In a separate flask, a suspension of 2-amino-4- 
chloro-i^-pyrrolo-[2,3-^-pyrirmdine (15 g, 89 mmol) in CH 3 CN (900 mL) was 
treated at 15°C with 60% NaH (3.60 g., 90 mmol.). The reaction was stirred 30 
10 min. whereupon the previous! reaction mixture was cannulated with vigorous stirring. 
The reaction was stirred 16 firs, and then concentrated in vacuo. The resulting 
semisolid was added to ice/water/EtOAc and extracted with EtOAc (3 x 200 mL) , 
dried NaS0 4 , filtered and evaporated. The resulting oil was chromatographed on 
silica gel (EtOAc/ Hexane 1/1) to afford the product as an oil (9.0 g). 

15 

StepB: 2-Amino-4-cMoro-7-(B-D-ribofan^^ 

A solution of the compound from Step A (5.76 g, 13 mmol) in 
MeOH/H 2 0 (1200 mU600mL) and Dowex WX8-400 (4.8 g) was stirred 16 hrs. at 
room temperature. The resin was filtered off and the filtrate evaporated to afford the 
20 title compound as a white solid; yield 3.47 g. 

'H NMR (DMSO-4s): 8 3.56 (m, 2H), 3.86 (m, 1H), 4.07 (m, 1H), 4.32 (m, 1H), 4.99 
(t, lHj, 5.10 (d, 1H), 5.30 (d, 1H), 6.00 (d, 1H), 6.38 (d, 1H), 6.71 (s br, 2H), 7.39 (d, 
1H). 

25 Step C: 2-Amino^ Moro-742-Q-memvl-B-D-ribofuranosvlV7g-DviTOlnr2.3- 
<f1pvrimidine 

A solution of the compound from Step B (1 .0 g, 3.3 mmol) in dry 
DMF (100 mL) at 15°C was treated with 60% NaH (0.14 g, 3.5 mmol). After 30 
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10 



15 



». ««, «, stined at room topers fOT M te . „,„ ^ ^ 
afford the product as a white solid; yield 0 81 g 

(s, 1H). Mass spectrum: m/z 316 (M + 1) + . 
StepD: 



2-Amino-7-(9 -Q. methY i.p.p rjhnf 

fflDVrimidfn-4^»^ n| . 

NaOHZHOH « 0f co ^°und from Step C (80 mg, 0.25 mmol) in 

mOHZH 2 O(1.6g/20ml)washeatedatreflnxfar7i,«, u 

adjusted with dilute HC1 to a P H of 7 ^rfT ' ^"P™ ^ S ° Iution Was 

-ldngsohd ons ^ 

solid; yield 64 mg. ^Ac/MeOH 8/2 afforded the product as a white 



20 



EXAMPT.F. 19 




2-Amino-5-methYl-7-(P-r>.ri^ 



vX T 

2. . . . ™ s con »Pound is described in 2*^*^,33:2703 (1994) 
25 synthesized by the following procedure: W 



and was 
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To a stirred suspension of 2-amino-4-cMoro-5-methyl-lff-pyrrolo[2,3- 
rflpyrirnidine (Liebigs Ann. Chem. 1984, 4, 708) (0.91 g, 5 mmol) in dry MeCN (30 
ml) was added NaH (60% in mineral oil; 0.2 g, 5 mmol) and the mixture was stirred at 
room temperature for 0.5 h. A solution of 5-O-tert-butyldimethylsilyl-2,3-0- 
5 isopropyUdene-a-D-ribofuranosyl chloride [generated in situ from the corresponding 
lactol (1.22 g, 4 mmol) according to Tetrahedron Lett. 27: 1011 (1986)] in dry THF (6 
mL) was added at room temperature, and the mixture was stirred overnight, then 
evaporated to dryness. The residue was suspended in water (100 mL) and extracted 
with EtOAc (2 x 100 mL). The combined organic extracts were washed with brine, 
10 dried (Na 2 S0 4 ) and evaporated. The residue was purified on a silica gel column using 
a solvent system of hexanes/EtOAc: 7/1 and 5/1. Appropriate fractions were collected 
and evaporated to dryness to give the title compound (0.7 g) as a colorless foam. 

StepB: 2-Amno^hloro-5-meth vl.7-(rUD-^ 

15 rflpvrimidine 

A mixture of the intermediate from Step A (0.67 g, 1.4 mmol) in 
MeOH (70 ml) and water (35 ml) was stirred with DOWEX If" (to adjust pH of the 
mixture to 5) at room temperature for 4 h. The mixture was filtered and the resin 
thoroughly washed with MeOH. The combined filtrate and washings were evaporated 

20 and the residue coevaporated several times with water to yield the title compound 
(0.37 g) as a white solid. 

Ste P c : 2-Armno-5-memvl-7-fB-D-ri bofu^^ 
4(3jfl-one 

25 A mixture of intermediate from Step B (100 mg, 0.32 mmol) in 2N 

aqueous NaOH (20 mL) was stirred at reflux temperature for 1.5 h. The solution was 
cooled in ice bath, neutralized with 2 N aqueous HC1 and evaporated to dryness. The 
residue was suspended in MeOH, mixed with silica gel and evaporated. The solid 
residue was placed onto a silica gel column (packed in a solvent mixture of 

30 CH 2 Cl2/MeOH: 10/1) which was eluted with a solvent system of OEfeCl^eOH: 10/1 
and 5/1. The fractions containing the product were collected and evaporated to 
dryness to yield the title compound (90 mg) as a white solid. 
! H NMR (DMSO-dtf: 8 2.15 (d, 3H), 3.47, 3.50 (2m, 2H), 3.75 (m, 1H), 3.97 (m, 
1H), 4.17 (m, 1H), 4.89 (t, 1H), 4.96 (d, 1H), 5.14 (d, 1H), 5.80 (d, 1H '/■ 6.4 Hz), 

35 6.14 (s, 2H), 6.60 (q, 1H, /= 1.2 Hz), 10.23 (s, 1H). 
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EXAMPLE n 

gnpvnmiriiTift-S-carhnnitrilP H y 

NC O 

•0 W 2375 SSTT ^ W " 4 10 * «- *» 

. Y hp- -n o annsYll-Tff-pYrmlnra^-rflpvrimidine-.^rhnn^u 

0 C and l^chloro.U3,3 r tetraisoprop y ldisiloxane (1.58 g, 5.00 mrnol) was added 
^se^ebathwas^oved^d thesolution sti^atroo.te.p^L^ 
nnnutes, evaporated in vacate an oil, taken up in ethyl acetate (150 L) and washed 

STi " ^^^-^^eredandevaporated^va^ 
The ^due was punfied on silicagel using ethyl acetate^exane (1:2) as eluent 
Fracons containing the product were pooled and evaporated in vacuo to give the 
desired product (2.05 g) as a colorless foam 

5 4.24 (m, 2H), 5.67 (m, 1H), 5.89 (s, 1H), 7.17 (bs, 2H), 8.04 (s, 1H). 

^Pvnmidin ft .S.carhnnitri»P l - J - 
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To a pre-cooled solution (0°C) of the compound from Step B (1.70 g, 
3.00 mmol) in DMF (30 mL) was added methyl iodide (426 mg, 3.00 mmol) and then 
NaH (60 % in mineral oil) (120 mg, 3.00 mmol). The mixture was stirred at rt for 30 
minutes and then poured into a stirred mixture of saturated aqueous ammonium 
5 chloride (100 mL) and ethyl acetate (100 mL). The organic phase was washed with 
water (100 mL), dried over magnesium sulfate, filtered and evaporated in vacuo. The 
resulting oily residue was co-evaporated three times from acetonitrile (10 mL), taken 
up in THF (50 mL) and tetrabutylammonium fluoride (1.1 mmol/g on silica) (4.45 g, 
6.00 mmol) was added. The mixture was stirred for 30 minutes, filtered and the 
10 filtrate evaporated in vacuo. The crude product was purified on silica using 

methanol/dichloromethane (7:93) as eluent. Fractions containing the product were 
pooled and evaporated in vacuo to give the desired product (359 mg) as a colorless 
solid. 

*H NMR (DMSO-^) : 6 3.30 (s, 3H) f 3.56 (m, 2H) 3.91 (m, 1H), 4.08 (m, 1H), 4.23 
15 (m, 1H), 5.1 1 (m, 1H), 5.23 (m, 1H), 7.06 (m, 1H), 7.16 (bs, 2H), 8.38 (s, 1H). 

X 

I 

Ste P D: 2-Amino-3.4^vdro-4-ox ^7-r2-Q-^^^ 
PVrrolor2J-rflpvrimidine-5 -carfaonitriIe 

To a solution of the compound from Step D in DMF (5.0 mL) and 
20 dioxane (3.5 mL) was added syn-pyridinealdoxime (336 mg, 2.75 mmol) and then 
tetramethylguanidine (288 mg, 2.50 mmol). The resulting solution was stirred 
overnight at rt, evaporated in vacuo and and co-evaporated three times from 
acetonitrile (20 mL). The oily residue was purified on silica gel using 
methanol/dichloromethane (7:93) as eluent. Fractions containing the product were 
25 pooled and evaporated in vacuo to give the desired product (103 mg) as a colorless 
solid. 

'h NMR (DMSO-rfg): 6 3.30 (s, 3H), 3.57 (m, 2H), 3.86 (m, 1H), 4.00 (m, 1H), 4.21 
(m, 1H), 5.07 (m, 1H), 5.17 (m, 1H), 5.94 (m, 1H), 6.56 (bs, 2H), 7.93 (s, 1H), 10.82 
(bs, 1H). 

30 

EXAMPLE 14 

2-Amino-5-memvl-7-(2-0-methvl-B-D-ri^ 
4(3fllone 
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20 



25 




^"Yy N^NH 2 

h<5 'b Me 

— ffl 7rr 

Pvrro1or2^-^- pr ; mHiT1r XJ - S3 ~ 

h. Then the mixture was poured into ice-water ran mi ^ warmtoi5Cin5 
,, mxm T , _ F mio ice water (20 mL) and extracted with CHaCh 
(100 +50 mL). The combined ^, extracts wm ^ «» 

pvm)lof21-rf[ r Yri m .j. n ^ l -^ fnj , |l f 

NaOMe/MeOH^ £S" ^ < ! mP0 °" d 60,11 ** A (5 ° 015 — • in 
WMcMeOH 4 mL) was sorred « reflu* temperature for w t ^ 

mg). Tim wa, naxed Wlth 2 N NaQH (4 ^ md ^ ^ ^ 

tempera*^ for 10 h. The retard was cooled in ice bad,, neotrah K d Witt, 2 N 

ge, and evaporated. The silic* ge, was Laded onto a siiica gel JLmi 

' r" " a «*" 4 « M - W-**. w«e 
pooled and evaporated to give 0. Me compound (40 mg, as a white sohd 
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! H NMR (DMSO-4*): 8 2.18 (s, 3H), 3.26 (s, 3H), 3.45, 3.52 (2m, 2H), 3.82 (m, 1H), 
3.97 (dd, 1H), 4.20 (m, 1H), 4.99 ((t, 1H), 5.10 (d, 1H), 5.94 (d, 
1H, 7= 7.0 Hz), 6.19 (bs, 2H), 6.68 (s, 1H), 10.60 (br, 1H). 

5 EXAMPLE |g 

2-Amino-7-r?.-deoxv-2:fluoro-B-D-a^^ 
4(3ff)-one 



O 




\ i-F 



10 This compound was prepared following the procedures described in /. 

Med. Chem. 38: 3957 (1995). 

EXAMPLE 16 
15 2-Ainino-7^B-D-arabinofuranos^ 



O 




\ UOH 

hS 

This compound was prepared followingthe procedures described in J. 
Org. Chem. 47: 226 (1982). 

20 
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EXAMPTF 17 



2-Amino-7-( P-n. 
5-carbonitrilft 



binofurano gY 1^.4- d ihvri m ^.^^ If . 



10 



15 



20 




NH 

HO-y 0 y N ^N^NH 2 

\~UOH 
H<5 



Step A: 



^PVrimidin e-S-caThnniiTilp 

1U. intermediate was prepared according to J. Chem. Sac. Perkin 
Trans. 1, 2375 (1989). \ 

\ 

StepB: 



2-Amino-7-(P-n- a r a hi nofilranngYl ^ 
</lPvrimidinp.-5-carhnnifri1» 

BMP r 5 o . 7° * S ° W °° """P 0 ™ 1 *» Step A (163 mg, 0.50 mmol) h 

from ^ (20 mL). He oily residue was pwUed on ^ using 
^.ol/d.chloroae.han. (1:4) as eta* Itactions eonfcinng the prcoec, were 
|2 dMde ~ fa ^»^^^ I -d« P 2 m g)», M .o^ . 

W(DM S C H ):83.«.0n,2HX3.73 fa, 1H), 4.0. fa. 2H). 5.06 fa. ,H), 5.4S 
(m, 2H), 6.12 fa 1H), 6.52 (bs. 2H>, 7.70 (s. 1H), .0.75 (bs, IH>. 
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EXAMPLE Ifi 

2-Anuno-5-methvI-7-(B-D-arabinnf^ 

Me Q 




"°XL 

5 Step A 2-Aimno-7-f2J.5-tri-Q-h en2frl-B-T%a^ 
methvl-7g-pyrroIor2.3-rflpvrimidine 

To a solution of 1-O-p-nitrobenzyl-D-arabinofuranose (3.81 g, 6.70 
mmol) in DCM was bubbled HBr until TLC (hexane/ethylacetate (2:1)) showed 
complete reaction (about 30 min). The reation mixture was filtered and evaporated in 

10 vacuo. The oily residue was taken up in acetonitrile (10 mL) and added to a 
vigorously stirred suspension of 2-armno-^hloro-5-methyl-7i?-pyrrolo[2,3- 
flpyrimidine (Liebigs Ann. Chem. (1984), 4, 708) (1.11 g, 6.00 mmol) KOH (1.12 g, 
20.0 mmol) and tris[2-(2-memoxyethoxy)ethyl]amine (0.216 g, 0.67 mmol) in 
acetonitrile (80 mL). The resulting suspension was stirred at rt for 30 min, filtered and 

15 evaporated in vacuo. The crude product was purified on silica using 

hexane/ethylacetate (3: 1) as the eluent. Fractions containing the product were pooled 
and evaporated in vacuo to give the desired product (1.13 g) as a colorless foam. 

Ste P B: 2-AnMno-7-6-D-arabino faranosvl^hloro-5-memvl-7g-pvrrolor2.3- 
20 rflpvrimidine 

To a precooled (-78°C) solution of the compound from Step A (0.99 g, 
1.7 mmol) in dichloromethane (30 mL) was added borontrichloride (1M in 
dichloromethane) (17 mL, 17.0 mmol) over a 10 min. The resulting solution was 
stirred at -78 °C for lh, allowed to warm to -15°C and stirred for another 3h. The 
25 reaction was quenched by addition of methanol/dichloromethane (Id) (15 mL), 
stirred at -15°C for 30 min, and pH adjusted to 7.0 by addtion of NH4OH. The ' 

mixture was evaporated in vacuo and the resulting oil purified on silica using 
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meth^ol/dichloromehane (1:9) as eluent. Fractions containing the product were 

§m£l 2-A m ino-7^. a n 1 hmofi,r ^svl).5- me thvl-7^ 
<flpvrimidin^w^_» np 

KM \ 1° ^ C ° mPOUnd 60111 StCp B (157 m & 0 5 ° ™0 was added NaOH 

<2M, aqueous) (2mL). The resulting solution was stored atrelux for Ih «S h 
neu„ ya ^ onofHa(2MaW 

eluent Fractions contanung the product were pooled and evaporated fc vLJ to rive 
the desired product (53 mg) as a colorless powder * 

<* IH), 6^2 (bs, 2H) , 5.50 (m , 2H), 6,2 ( m , IH), 6.64 (s, IH), 10.75 Z, Z 

. EXAMPTP 10 

g-Amino-^-dcoxY-^-flu nm p D-ribofi, ra nn« v . V ™ . 




NH 

HO "V!/^ N ^ NH2 

F OH 



A solution l-0-acetyl- 2 - 0 -benzyl-5-OKp-toluoyl^ 

U -sugar denvauves, 82: 2052 (1999) and /. Me* CHeTim 

1a* 3 ? ^ USOT2C,2(1 - 5 ^ was ^to-15»Ci„adryice/CH3cL 
bath-AftercoolingthereactionmixtureforlOinin under th. »™ J 7 

■"Mat 10 C for Ihr. Tta solvent was -Moved unto reduced p*^^ ^ 
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residue azeotroped with anhydrous toluene (5x10 mL). In a separate flask, 2-amino-4- 
chloro-7ff-pyn-olo[2,3-d]pyrimidine (210 mg, 1.2 mmol) was suspended in anhydrous 
CH 3 CN (10 mL) and cooled to -10°C. To this was added 60% NaH dispersion in oil 
(57 mg) in two portions, and the reaction mixture was stirred for 45 min. during 
5 which time the solid dissolved and the bath temperature rose to 0°C. The bath was 
removed and stirring was continued for about 20 additional min. It was cooled back to 
-10°C and the bromo sugar, prepared above, was taken up in anhydrous CH 3 CN (1.5 
mL) and added slowly to the anion of nucleobase . After the addition was complete, 
the reaction mixture was stirred for an additional 45 min allowing the temperature of 

10 the reaction to rise to 0°C. The bath was removed and the reaction allowed to stir at 
room temperature for 3 hr. Methanol was added carefully to the reaction mixture and 
the separated solid removed by filtration. The solvent was removed under reduced 
pressure and the residual oil dissolved in EtOAc (50 mL) and washed with water 
(3x20mL). The organic layer was dried over Na 2 S0 4 and concentrated to give an oil. 

15 It was purified by column chromatography to furnish fully protected 2-amino-7-(5-0- 
(p-toluoyl>2-0-benzyl-3^^ 

pyrrolot2,3-d]pyrimidine (190 mg) as an a/p mixture (1:1) . After conversion of 4- 
chloro to 4-oxo by heating the compound with 2N NaOH/dioxane mixture at 105°C 
and after the usual workup the residue was debenzylated using 20 mol% w/w of 10% 
20 Pd/C and ammonium formate in refluxing methanol to give title compound after 
purification by HPLC; yield 10%. ESMS: calcd. for Q iH 13 FN 4 0 4 284.24, found 
283.0 (M+l). 



25 



EXAMPLE 20 

2-Aimno-3.4KKhvdro^xo-7-f2^^ 
J]pvrimidine-5-carbonitrile 



H °^\^y N NH 2 

H<5 
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m 



EXAMPLE 91 



<1T 



H(5 bH 



10 



This compound was 
Am. Chem. Soc. 97: 2916 (1975). 



EXAMPTT? 79 



in J. 



15 



20 



?furanosv1)-SH -- pvrrn inH , 9 - 
O 




H<5 bMe 

To a suspension of 2-aniinc>-5^pyn D lo[3^pyri m idin^(3J^e (9 
253o)^d2^^ 

poured onto xce-cold saturated, sodium bicarbonate solution (70 mL). The insoluble 
matenal was filtered through florisil and washed em y l acetate U ^1 
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filtrate was extracted with ethyl acetate (2x50 mL), and organic layer was washed 
with water (2x50 mL), dried over Na 2 S0 4 and evaporated to dryness. Chromatography 
of the resulting foam on silica gel with CH 2 Cl2/MeOH(14:l) afforded the benzoylated 
product (0.419 g, 30% yield). To a suspension of the benzoylated product (0.25 g) in 
5 MeOH (2.4 mL) was added t-butylamine (0.52 mL) and stirring at room temperature 
was continued for 24 hrs. followed by addition of more t-butylamine (0.2 mL). The 
reaction mixture was stirred at ambient temperature overnight, concentrated in 
vacuum and the residue was purified by flash chromatography over silica gel using 
CH 2 Cl2/MeOH (85:15) as eluent giving the desired compound as a foam (0.80 g). 
10 *H NMR (200MHz, DMSO-d^): 8 Hz3.28 (s, 3H), 3.40-3.52 (m, 3H), 3.87-3.90 (m, 
1H), 4.08A09 (m, 1H), 4.67 (d, 1H, 7= 5.2 Hz), 4.74 (d, 1H, 7= 7.0 Hz), 5.62 and 
5.50 (2 bs, 3H), 7.14 (d, 1H, 7= 2.6 Hz), 10.43 (s,lH), 11.38 (s,lH); 
Mass spectrum: calcd. for CijHi^O* 296.28; found: 295.11. 

15 EXAMPLE 23 

6-Armno-H3-deoxy-fcT>-ribofn^ 
deoxv-3-deaza-guanosine> 



O 




20 Step A: 3-Deoxv-4-0-^toluovl-2-0 -acetvl-6-D-ribofuranosv1 acetate 

A solution of 3-deoxy-4-0-p-toluoyl-l^-0-isopropylidene-P-D- 
ritofunmose (Nucleosides Nucleotides 1994, 13, 1425 and Nucleosides Nucleotides 
1992, 1 1, 787) (5.85 g, 20 mmol) in 64 mL of 80% acetic acid was stirred at 85°C 
overnight The reaction mixture was concentrated and co-evaporated with toluene. 

25 The residue was dissolved in 90 mL of pyridine. Acetic anhydride (6 mL) was added 
at 0°C, and the reaction mixture was stirred at rt for 6 h. After condensation, the 
residue was dissolved in ethyl acetate and washed with aqueous sodium bicarbonate 
solution, water and brine. The organic phase was dried and concentrated. 
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^■natographtc P-a-ta on a silica gel ^ ^ w 
BOAc as elite* provided 5.51 g of ft, „ , claff 

H MB (CDCb): 8 1.98 (s, 3H), 2.09 fc 3H>. 2.15-2.35 fto, 2H). 241 ft 3H) 4 27 

in k , , A ^° mofmethyl5(4 H<^no m elhyl)-lff- tal i (teolM( 5 > . 
.0 o« sodm, 98. ,492and, 0*. ^,963^ 304!) 

-an (41 t»g> ™ reftaed a, ,25-C under Ar aanospitere for 18 h. Alter 
•"*•"•».*• ^ was dissolved in 10 tnLof dichlorotttae. A solttuon of to 
-^^S t opA(2.86 g , 8 ^^ 1)inl0 ^ of&Uoi ^3^ te 

sanod « n ovenngh. md ^ <Won)fomi ^ „ M J^* 

25 126.2, 129.3, ,29.5, 131.7. 135.1. 1443, ,63.1, 166.1, ITok ' 

10 mas, ,™ * MMOT ° f * e «»P°nnd from SlepB (2.00 g, 4.53 tnmol)in 

W(30 n a. ) „saad a eda n d 1 h.s S ded DM1 3j rea = t „ rwas ^ tt85x 7 or5h 
After cooltng to rc. the rertoo mi Ito e „ as ^ ^ , "r h ' 

column.Him OT wim4:I,3-land2irHri asmcagel 

j.i ana Al CHCVMeOH provided 0.79 g of the title 
compound as a white solid. soimeoue 
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'HNMR (DMSO^j): 5 2.41-2.46 (m, 1H), 2.52-2.58 (m, 1H), 3.48-3.55 (m, 1H), 
3.60-3.70 (m, 1H), 4.27-4.36 (m, 2H), 4.97 (t, 1H, J = 5.6 Hz), 5.44 (s, 1H), 5.47 (s, 
1H), 5.60 (s, 2H), 5.66, (d, 1H, 7= 4.4 Hz), 7.90 (s, 1H), 10:33 (s, 1H); ,3 C NMR 
(DMSO 4$) 6 34.1, 62.4, 70.4, 74.7, 80.4, 91.6, 123.0, 136.3, 141.9, 147.6, 156.5. 

5 

EXAMPLE 24 

6-Anuno-l-(3-deoxv-3-fluoro-B- D-rib^^ 
one 



O 




•5 . 

10 ; F OH 

This compound was prepared in a manner similar to the preparation of 
2-ammc)-7-(3-deoxy-3-nuorc>-P-D-ribofuranosyl)-7H-pyrro^ 
one (Example 23). ' 

15 EXAMPLE 25 

HP-D-RibofuranosylMff-p^ 
riboside) 



O 




H6 t)H 



20 This compound was obtained from commercial sources. 
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EXAMPLE 26 
^p-D-Arahinofurann^iyQ W-purin^p^ ^,, 



<J T 



. ) — LoH 

hS 

5 »„ , ~ ™ S C ° mp0Und Was prepared fou °wing the conditions described in / 
Med Chem. 18: 721 (1975). 



EXAMPT.F.T7 

10 2 -Amino-7-f2-0-methvl-^-n.r;i^ fu rannsv i V7 „. n ^ 
thione ~~ 




H<5 bMe 

evaporated and the resulting oil chromatographed on silica gel (EtOAc/MeOHt 9/1) to 
afford the desired product as a foam 



20 
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EXAMPLE 28 

2-Amino-7-fB-D-ribofuran osvlV7g-pvrTOlof2.3-^Dvrimidine 

OCX 

5 This compound was obtained from commercial sources. 

EXAMPLE 29 

2-Amino^Moro-7-Q-Q-methvl^ 
10 carbonitrile 

I NC CI 




15 



; ji T 

H0 ^Y°y N NH 2 

H(3 t)Me 

This compound was prepared as described in Example 13, Steps A-C. 

EXAMPLE 30 

2-Arrtino-4- chioro-5-emvl-7-(2-Q-me^ 
pvrimidine 
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10 



15 



20 



25 




H 

H<5 bMe 
. diYlVP-D-rihofi,rano S vn.7^ r Y ^,. r o , ^^j,,, 

soluuon stirred at rt overnight, evaporated in vacuo to an oil, and evaporated 
repeatedly from acetonitrile. The crude product was purified on silica using 5% 

TdTaoo^ 

and evaporated in vacuo to g,ve the desired product (254 mg) as a colorless solid. 
Step B: 



PVrrolor2.3-rf1pYrimiH;» n . 

To a pre-oooled solution (0°C) of the compound from step A (192 mz 

with bnne (10 mL) and dned over MgS0 4 and evaporated in vacuo. The resulting 
ody residue was taken up in THF (5 mL) and tetrabutylammonium fluoride (1 1 
nund/g on silica) (0.529 g, 0.582 mmol) was added. The mixture was stirred for 30 

onsd 1 causmglO%memanolindichloromema„easeluent.F ra cdonscon^ 
1H NMR (DMSO.^: 8 1.15 (t, 3H), 2.65 (q, 2H), 3.20 (s, 3H), 3.51 (m, 2H), 3 84 
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EXAMPLE 31 

2-Amino^hloro-5-methyl-7-(2-C>-methyl-P-D-riboftn^osyl>7^-pyiTOlo[2,3- 
^pyrimidine 




5 H<3 t)Me 

This compound was prepared as described in Example 14, Step A. 
! H NMR (CD 3 OD): 8 2.33 (s, 3H), 3.39 (s, 1H), 3.72, 3.83 (2dd, 2H), 4.03 (m, 1H), 
4.17 (t, 1H), 4.39 (dd, 1H), 5.98 (d, 1H, J= 5.9 Hz), 6.7 (bs, 2H), 7.01 (s, 1H). 

10 f EXAMPLE 32 

2-Amino-4-chIoro-7-(2-0-memvl-B-D-ribofu^^ 




HO OMe 

This compound was synthesized as described in Example 11, Steps A-C. 

15 

EXAMPLE 33 
2-Amino^-chloio-7-(B-D-ribofui^osviy7/^^ 
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OCX 

H0 ~~Yy N NH2 

TOs compound was prepared following the procedures described in 
Helv. Chim. Acta 73: 1879 (1990). 

EXAMPLES 
Me CI 




H<5 t)H 

The compound was prepared as described in Exampte 12 Steps A-B 
> HNMR (DMSO-4): 8 m , 3 .54 («,, 2H>. 3.S4 (n, 1H). 4.04 (dd^H 7,= 



EXAMPLF ^ 

2-Ammo-4-cnloro-S-^^^ 
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hS oh 



This compound was prepared as described in Example 9, Steps A-B. 
»H NMR (DMSO-dtf): 8 2.00 (t, 3H), 2.69 (q, 2H), 3.48 (dd, 1 H, = 4.2 Hz, J 2 = 
11.8 Hz), 3.56 (dd, 1H, /; = 4.3 Hz, J 2 = 11.8 Hz), 3.80 (m, 1H), 4.02 (dd, 1H, = 
5 3.1 Hz, J 2 = 5.0 Hz), 4.62 (t, 1H), 5.0 (bs, 2H), 5.2 (bs, 1H), 5.60 (d, 1H, / = 6.4 Hz), 
6.61 (bs,2H), 7.09 (s,lH). 

EXAMPLE 36 
10 l-Aminn4 i^hloro-9-(B-D-ilbornranosvl)-9H-purine 



CI 




hS oh 



This compound was obtained from commercial sources. 

EXAMPLE 37 

15 

2-Arrino-4-chloro-7-(B-D-ribofaanosvlV^^ 
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NQ 9'. 
' ll N 

H<5 t>H 

CW Snr ™ S was P-P**l foUowing the procedures described in J. 

Chent Soc. Perhn Trans. 1, 2375 (1989). 

EXAMPIP.^ 

2-Amic 0 -4- c hlorn-7-r?-d^- 2 flunm.p.n.^^,^^.,, Tf , 
(flpvrimidine " 

CI 

Of " 1 

Hd 

Med. Chem. 38: 3957 (1995). 



EXAMPLES 
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ft x 

hS 

The compound was prepared as described in Example 18, Steps A-B. 
lH NMR PMSO-rf^): 5 2.24 (s, 3H), 3.60 (m, 3H), 3.98 (m, 2H), 4.98 (m, 1H), 5.43 
(bs, 2H), 6.25 (s, 1H), 6.57 (bs, 2H), 7.01 (s, 1H). 



5 



EXAMPLE 40 



2 , -0-Methvlcvtidine 



NH 2 



h5 'omb 

10 This compound was obtained from commercial sources. 

EXAMPLE 41 

3'-Deoxv-3 , -methvlcvtidine 

NH 2 

o 

15 Me OH 
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This compound was prepared following the procedures described in 
U.S. Patent No. 3,654,262 (1972), which is incorporated by reference herein in its 
entirety. 

5 EXAMPLE 49. 

3 ^DeoxYcy tidinft 

,NH 2 

o 

OH 

This compound was obtained from commercial sources. 
EXAMPLES 

S'-DeoxY-^' -fluororY riHinP 

NH 2 

F OH 

15 r w , ™ S COmpound was Prepay following the procedures described in 
Med. Chem. 34: 2195 (1991). 

EXAMPLE 44. 
20 J -fP-D-Arabinofiirannsvl). 1 H^y^nr 
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NH 2 

This compound was obtained from commercial sources. 



EXAMPLE 45 

5 

2'-Amino-2'-deoxvcvtidine 



NH 2 



HO NH 2 

This compound was obtained from commercial sources. 



10 

EXAMPLE 46 



3'-Deoxv-3'-methvluridine 



f^NH 

Ho-yoJK 0 . 

Ml t)H 
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This compound was prepared following procedures described in U S 
Patent No. 3,654,262, which is incorporated by reference herein in its entirety. ' 



EXAMPTF.47 

5 



S'-Deoxv-T-fluoronrirW 



<f"isiH 



„ ' _ ™ S C ° mp0Und Was P"*** Allowing procedures described in / 
A&<£ Cftem. 34: 2195 (1991} and FEBSLett. 250: 139 (1989). 



' EXAMPLES 

3'-Deoxy-5-methyluridine 

Me 

NH 



OH 

15 



This compound was obtained from commercial sources. 
EXAMFT P. 40 

3^DeoxY-2^qf?,- me tho^v ft th Y i ) .c t .^ ethvl . 5 . mftthY ,, |t , H;tia 
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mI t>— \ 

^-OMe 

Step A: S'-O^tert^mtvldiphenvlsil^ 

2 t -Q-(2-methoxvethvlV5-methvluridine 

This compound was synthesized by the reaction of the corresponding 
5 5'-protected-2'-substituted-5-methyluridine with 3'-f-butylphenoxy 

chlorothionoformate following the similar procedure for the preparation of 3 f - 
phenoxythiocaibonyl-2'-deoxy derivative (Synthesis 1994, 1 163). 

StepB: S'-O^ferNButvldiphenv^ 
10 phenvlethenvlvS-methvluridine 

To a solution of 5*-0-(te/t-butyldiphen^ 
butylphenoxythiocarbonyl)-2'-0-(2-meto^ (15.0 g, 20.0 

mmol) in 150 mL of benzene was added PhCH=CHSnBu3 (18.7 g, 50 mmol). The 

resulting solution was degassed three times with argon at rt and 45 °C. After ADBN 
15 (1.0 g, 6.1 mmol) was added, the resulting solution was refluxed for 2 h. Another 
portion of AIBN (1.0 g, 6.1 mmol) was added after cooling to about 40°C and 
refluxed for 2 h. This procedure was repeated until the starting material disappeared. 
The solvent was evaporated and the residue was purified by flash chromatography on 
a silica gel column using 10:1 and 5:1 hexanes-EtOAc as eluent to give 1.74 g of 5*- 
20 0-(te/*-butyldiphenyk^^ 

methyluridine as a white foam. 

! HNMR (CDC1 3 ): 5 1.13, (s, 9H), 1.43 (s, 3H), 3.18-3.30 (m, 1H), 3.37 (s, 3H), 
3.58-3.62 (m, 2H), 3.79-3.80 (m, 2H), 4.06-^.37 (m, 4H), 4.95 (s, 1H), 6.25-6.40 
(m, 1H), 6.62(d, lH,/= 16 Hz), 7.27-7.71 (m, 16H)/9.21 (s, 1H); 13 CNMR 
25 (CDCI3) 5 11.9, 19.6, 27.2, 45.3, 59.0, 62.1, 70.2, 72.0, 84.6, 87.1, 90.2, 110.4, 122.8, 

126.4, 127.8, 128.0, 128.3, 128.6, 130.0, 132.7, 133.5, 134.7, 135.3, 135.4, 136.9, 
150.3, 154.1; HRMS (FAB) m/z 641.302 (M + H) + (C^H^NjOgSi requires 641.304). 
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methoxv e th Y i)-5.methvIiiririi na 
To a solution of 5*-0-(rm-butyldiphenylsilyi>3'^eoxy.2'.0 (2 

5 itT^^ (5.0g,7.8nunol)and^ 
5 ^<ie (NMO) (1.47 g , 12 . 5 nunol) i„ 150 of dioxane was 

^ a cata* -"ofosn.umte^oxide (4% aqueous solution, 2.12 85 
mg, 0.33 mmol). The flask was covered by aluminum fnilanHfK * . 

nw.ro was attend teugh a celitc pad and washed with elhyl acelaT tT^I 
phase disappeared. The organic phase was further washed with waw «,h k • * ■ , 

15 ^'-^(4:l,v/v,.Sod i ™h» ro h y dnd. (N aBH4)(1.5 8g ,40™„0w^ 

^ w,th 200 g of ice wafer. Thennxerow.^,^^ ™ 
^cphaaewaa washed v*h wafer and brine, dried (Na 2 S0 4 ) and ™« 

20 usmgZl, 1:1 and 1:2 hexanea-EtOAc aa elnenis lo give 1.6gof 5'-0.(«„ 
butyMphenvlaUv^^ 
methylundine as a white foam. 

H NMR (CDCIj): 8 1.09 (s, 9H), 1.50 (s, 3H), 2.25 (bs, 1H), 2.52-2.78 (m 1H) 338 
(s, 3H), 3.52-4.25 (m, 10H), 5.86 (s, 1H), 7.38-7.70 (m HID 9 95 ^ im 13 o * 

110.5,. 128.0, 130.2, 132.5, 133.2, 135.1, 135.3, 136.5. 150 5 1644- HRMS^Am 
^^SCM + ^^N^i requires 569.268 ' ^ 



30 



§mSl 5'-Q.(rm-Bntvldinh.nvl s ilvn.r.^v Y ,> r ~ domftriw1 ^,_ n , r 
methoxveth vn-5-mftthY l.iriH^, 

To a solution of 5'-0-(/m-butyldiphenylsilyl)-3'-deoxy.3'- 
ftydroxy^y^o^methoxye thyl)-5- m ethylundine (1.34 g, 2.35 mmol) in 25 
^^^^MFunder stirring was added sequentiaUy at 0»C 2,6-lutidine (0.55 
mL, 0.51 g, 4.7 mmol, 2.0 equiv) and methyl triphenoxy-phosphonium iodide (1 28 g 
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2.83 mmol). The resulting reaction mixture was stirred at 0°C for 1 h and at rt for 2 h. 
The reaction mixture was diluted with 10 mL of ethyl acetate and washed twice with 
0.1 N Na2S203 aqueous solution to remove iodine. The organic phase was further 
washed with aqueous NaHC03 solution, water, and brine. The aqueous phases were 
5 back extracted with ethyl acetate. The combined organic phases were dried (Na2S04) 
and concentrated. The resulting residue was purified by flash chromatography on a 
silica gel column using5:l,3:l and then 1:1 hexanes^EtOAc to provide 1.24gof 5'- 
O^tert-butyldiphenylsi^^ 
methyluridine as a white foam. 

10 J H NMR (CDCI3): 8 1.13 (s, 9H), 1.62 (s, 3H), 2.64-2.85 (m, 2H), 3.20-3.35 (m, 1H), 
3.38 (s, 3H), 3,50-4.25 (m, 8H), 5.91 (s, 1H), 7.32-7.50 (m, 6H), 7.60 (s, 1H), 7.62- 
7.78 (m, 4H), 10.46 (s, 1H); I3 C NMR (CDC1 3 ): 8 12.4, 19.5, 27.2, 45.0, 58.0, 62.5, 
70.3, 71.9, 83.3, 85.6, 88.9, 110.5, 128.1, 128.2, 130.1, 130.3, 132.4, 132.9, 135.0, 
135.4, 135.6, 150.7, 164.7; HRMS (FAB) m/z 619 All (M + H) + (Cyj^C^Si 

15 requires 679.170). 

Step E: 3 , -I^xv-3' 4iodomethv1%2 , -0-r2-methoxvethvlV5-methvluridine 

A solution of S^O-Cte/r-butyldiphenylsilyl^'-deoxy-S'-Oodomethy^ 
2'-0-(2-methoxyethyl)-5-methyluridine (1.12 g, 1.65 mmol) and triethylamine 

20 trihydrofluoride (1 . 1 mL, 1. 1 g, 6.7 mmol) in 20 mL of THF was stirred at rt for 24 h. 
The reaction mixture was diluted with 50 mL of ethyl acetate and washed with water 
and brine. The organic phase was dried (Na2S04) and concentrated. The residue was 
purified by flash chromatography on a silica gel column. Gradient elution with 2:1, 
1 :2 and then 1 :3 hexanes-EtO Ac provided 504 mg of the tide compound as a white 

25 foam. 

! H NMR (CD 3 OD): 8 1.87 (s, 3H), 2.47-2.75 (m, 1H), 3.18-3.37 (m, 2H), 3.40 (s, 
3H), 3.59-3.70 (m, 2H), 3.71-3.90 (m. 2H), 3.92-4.17 (m, 4H), 5.87 (s, 1H), 8.17 (s, 
1H); C NMR (CD 3 OD): 5 12.5, 45.2, 59.2, 60.9, 71.0, 72.9, 85.4, 87.3, 89.7, 1 10^5, 
138.0, 152.1, 166.6; HRMS (FAB) m/z 441.053 (M + H) + (CuH^Og requires 
30 441.052). 

StepF: 3'-Deoxv-5 , -0-f4-methoxvtritvn-3 , -fiodQmethvlV2 , -Q-r2- 
methoxvethvl)-5-methvluridine 
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20 



25 



30 



Ara ^ of 3*-deoxy-3'<iodomethyl).2'-0-(2-methoxyethyI)-5- 
methylundme (472 mg, 1.1 mmol), diisopropylethylamine (0.79 mL,0586g 4 5 

^^^^^^^^^^ 

tif W3S dilUt6d With ^ washed with water 

followedbybnne.Tne organic phase was dried ^a 2 S0 4 ) and concenj^e 

crude product was purified by flash chron^atography on a silica gel colurnn. Gradient 
lutron w*h 3:!, 2:1,1:1. and then 1:3 hexanes-EtOAc provided ePO.gofthetiuT 
compound as a white foam. 

■58-3.70 (m, 3H>, 3.80 (s, 3H), 3.80-3.94 On, ffl), 4.05^5 89 ft W 

(CDCy. S 12.3, 45.3, 55.3, 58.9, 61.6, 70.2, 71.9, 82.6, 85.6, 87.1, 89.1 110 5 

113.4, 127.4, 128.2, 128.4, 130.5, 134.7, 135J, 143.6, 143 7 1505 158 9 
H^^)^735..55(M +N .A W2 o^. I ^ 5 S.Sf 164 - 6 ' 

methvluridinft — — 

, , i , u A ° f 3111111011111111 Phosphinate (410 mg, 5.1 mmol) and 
.1.1 .33,3-hexamethyldisilazane (1.18 mL, 0.90 g, 5.59 mmol) was heated at 100- 

"° f?° r 2 h Und£r atmos P here condenser. The intermediate 

BTSP(b 1S [tnmethylsilyl]phosphinate) was cooled to 0°C and 5 mL of 
ichloromethane was injected. To this mixture was injected a solution of 3>-teo Xy . 5 : 

1.1 mmol) and ousopropylemylamine (0.39 mL, 287 mg, 2.23 mmol) in 7 mL of 

1 HF-MeOH-NEt3 (3/6/0.3 mL) was added and continued to stir for 1 h. The reaction 
m,xt^ wasm ^ 

solvent was evaporated and the residue was purified by flash chromatography on a . 
socage, ^-^Uil.-tahah-m^.^^^ 
mg of the title compound. B 
H NMR (CDOO: 6 0.97 (d, 3H. /= 6.8 Hz>, . .41 (s, 3H>, 2.35-2.55 < m , 1H, 3 27 

(n>. 1H). 3*4 (d, 1H,7= 5.0 Hz), 4.03-4.16 (a, 2H), 5.84 fe 1H), 6.83 (s. 1H), 6 87 
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(s, 1H), 7.20-7.37 (m, 8H), 7.39-7.50 (m, 4H), 7.86 (s, 1H), 9.50 (s, 1H); 13 C NMR 
(CDC1 3 ): 8 8.7, 12.1, 35.6, 55.3, 59.6, 61.7, 69.8, 72.1, 85.4, 86.4, 86.7, 89.8, 1 10.0, 

113.3, 127.2, 128.0, 128.4, 130.4, 135.0, 135.7, 143.9, 150.5, 158.8, 164.6. 
HRMS (FAB) m/z 609.256 (M + Na) + (C^K^gN^Na requires 609.257). 

5 . 

StepH: 3 , -Deoxv-3 , -metfavl-2^0-f2-methoxvethvn-5-methvluridine 

Trifluoroacetic acid (1.5 mL) was added dropwise to a stirred solution 
of 3^deoxy-5'-0K4-methoxytrityl)-3'-meth^^ 

(370 mg, 0.63 mmol) in 50 mL of chloroform at 0 °C. The mixture was stirred at rt 
10 for 30 min, concentrated, and then dissolved in ethyl acetate. The solution was 
washed with dilute sodium bicarbonate and brine. The organic phase was dried 
(Na2S04) and concentrated. The resulting residue was purified by flash 

chromatography on a silica gel column. Elution with 1:1, 1:3 and then 0:1 hexanes- 
EtOAc provided 170 mg of the title compound as a white foam. 
15 *HNMR (CDCI3): 8 1.03 (d, 3H, J= 6.8 Hz), 1.83 (s, 3H), 2.20-2.40 (m, 1H), 3.10- 
3.28 (m, 1H), 3.35 (s, 3H), 3;50-4.15 (m, 10H), 5.81 (s, 1H), 7.89 (s, 1H), 9.77 (s, 
1H); I3 C NMR (CDC1 3 ): 8 8,9, 12.4, 34.7, 59.0, 60.6, 69.7, 72.0, 86.3, 89.8, 109.7, 
136.9, 150.4, 164.7. HRMS (FAB) m/z 315.154 (M + H) + (C^H^NjOg requires 
315.155). 

20 EXAMPLE 50 

2'-Amino-2 , -deoxvuridine 




H<5 W 



This compound was prepared following the procedures described in /. 
25 Org. Chem.6l: 781 (1996). 
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EXAMPLE51 

y-Deoxy urirtn* 

"hn 

5 This compound was obtained from commercial sources. 

EXAMPT.RS9 

2 , -C-Methv ladenosinft 

A — UMe 

10 H<5 'bH 

JM . ru ™ SC ° m ^ UndwM P re ^^^ 

/.ilfei Chem. 41: 1708(1998). «**iueuin 



15 EXAMPTKyt 



S'-Deoxyari enosine ( rnrrfy^n ) 



-95- 



WO 02/057425 PCT/US02/01531 



NH 2 



HO-^A^ N' 



OH 

This compound was obtained from commercial sources. 



EXAMPLE 54 

5 

3 ' -Amino-3 '-deoxyadenosine 



NH 2 



1 Hcr Vy 



H 2 N OH 

This compound was prepared following the conditions described in 
Tetrdliedron Lett. 30: 2329 (1989). 

10 

EXAMPLE 55 



8-Bromoadenosine 



BrVV^N 



15 



This compound was obtained from commercial sources. 
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EXAMPLE 56 

2 , -Q-Methvlad«»nn g ,n a 



NH 5 



H0 ^V!/ N 

5 HO bMe 

This compound was obtained fiom commercial sources. 
EXAMPLE 57 

10 S'-Deoxv-.T-fluoroarfeTing^ 

NH 2 

F bH 

u , n, o ™ S C ° mP0Und ^ Prepared f ° Uowin g *> ^ceduies described in J. 
Med. Chem. 34: 2195 (1991). 

15 EXAMPLE 5g 

e-Methvl-g-rp- D-ribofiirflnngYiy o^-rnrinr 
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Me 




h6 bH 



This compound was prepared following the procedures described in 
Nucleosides, Nucleotides, Nucleic Acids 19: 1123 (2000). 

EXAMPLE 59 



2'.3'.5 , -tri-0-acetvl-8-methvlsulfonvladenosine 

Ac6 t)Ac 
EXAMPLE 60 

10 

l-Methvl-9-r2 .3.5-tri-0^p-toluovlVB^ 
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15 



S 

Me 




CO 

Hd Me 

(10 mL) a t o C was added acetic anhydride (145 mg, 1.41 mmol) and then pyridine 
(245 mg, 3.10 xnmol). The mixture was stirred for 15 min, then a solution of 7-[3 5. 
0-[U,33-tetraMs(l-methtf^^ ' . 

pyrrolo[2,3^pyrirnidin-4-amine [for preparation, see J. Am. Chem. Sry 105 - 4059 
(1983)] (508 mg, 1.00 mmol) in DCM (3 mL) was added. The resulting solution was 
sorted for 2 h and then poured into ethyl acetate (10 mL), and subsequently filtered 
through silica gel using ethyl acetate as the eluent. The combined filtrates were 
evaporated invacuo, taken up in diethyl ether/IHF (1:1) (20 mL), cooled to -78°C 
and methylmagnesium bromide (3M, in THF) (3.30 mL, 10 mmol) was added 
dropwrse. The mixture was stirred at -78°C for 10 min, ihen allowed to come to room 
temperature (rt) and quencheo by addition of saturated aqueous ammonium chloride 
(10 mL) and extracted with DCM (20 mL). The organic phase was evaporated in 
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vacuo and the crude product purified on silica gel using 5% methanol in 
dichloromethane as eluent. Fractions containing the product were pooled and 
evaporated in vacuo. The resulting oil was taken up in THF (5 mL) and 
tetrabutylammonium fluoride (TBAF) on silica (LI mmol/g on silica) (156 mg) was 
5 added. The mixture was stirred at rt for 30 min, filtered, and evaporated in vacuo. 
The crude product was purified on silica gel using 10% methanol in dichloromethane 
as eluent Fractions containing the product were pooled and evaporated in vacuo to 
give the desired compound (49 mg) as a colorless solid 

1H NMR (DMSO-^j): 5 1.08 (s, 3H), 3.67 (m, 2H), 3.74 (m, 1H), 3.83 (m t 1H), 5.19 
10 (m, 1H), 5.23 (m, 1H), 5.48 (m, 1H), 6.08 (1H, s), 6.50 (m, 1H), 6.93 (bs, 2H), 7.33 
(m,lH),8.02(s, 1H). 

EXAMPLE 62 . 



15 4-Aimno-7-(2-C-methvl-B-D-rito 



HO OH 

Step A: 3.5-Bis-0-(2.4Hiichlorophenvlmeth^^ 

A mixture of 2-0-acetyI-3,5-bis-0-(2,4-dichlorophenylmethyl)-l-0- 
methyl»a-D-ribofuranose [for preparation, see: Helv. Chim. Acta 78: 486 (1995)] 

20 (52.4 g, 0.10 mol) in methanolic K 2 C0 3 (500 mL, saturated at room temperature) was 
stirred at room temperature for 45 min. and then concentrated under reduced pressure. 
The oily residue was suspended in CH2CI2 (500 mL), washed with water (300 mL + 5 
x 200 mL) and brine (200 mL), dried (Na 2 S0 4 ), filtered, and concentrated to give the 
title compound (49.0 g) as colorless oil, which was used without further purification 

25 in Step B below. 

lH NMR (DMSO-45 ): 5 3.28 (s, 3H, OCH 3 ), 3.53 (d, 2H, J 5A = 4.5 Hz, H-5a, H-5b), 
3.72 (dd, 1H, / 3f4 = 3.6 Hz, J3.2 = 6.6 Hz, H-3), 3.99 (ddd, 1H, J u = 4.5 Hz, J X on-2 = 
9.6 Hz, H-2), 4.07 (m, 1H, H-4), 4.50 (s, 2H, C# 2 Ph), 4.52, 4.60 (2d, 2H, = 13.6 
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15 



20 



25 



4M tt 111 ° H - 2 »' 4 " «• W H-D. 7.32-7.45, 7.52-7.57 (2m, ,0H. 
13CNMR (DMS04) 8 55.40, 69.05, 69.74, 71.29, 7 2,02. 78.41, 81.45, 103 44 

5 nsZ: LIS "'- 05 ' 13U7 - 13L3 °- 133 - 22 ' I33% >™£ 

SISE£: 3>B i? -p-(2,^hlo TO h m vl m e..^.-^- T , ~ ~ lT| . r .„ 
pentofuranos-2-uInsft 

To an ice-cold suspension of Dess-Martin periodinane (50.0 g 118 

over 0.5 h. The reaction mixture was stirred at 0°C for 0.5 h and then at room 
temperature for 3 days. The mixture was diluted with anhydrous Et 2 0 (600 mL) and 
poured mto an ice-cold mixture of Na 2 S 2 03.5H 2 0 (180 g) in saturated aqueous 
NaHCO 3 (1400rnL). ^ layers were separated, and the organic layer was washed 

(MgS0 4 ) filtered and evaporated to give the title compound (34.2 g) as a colorless 
oil, which was used without further purification in Step C below 

utw 5M = ^ ^ 4 ' 2 ° (dd ' 1H « *« = 1.3 Hz, / 34 = 8.4 Hz 

13C NMR (DMSO-4) 5 55.72, 69.41, 69.81, 69.98, 77.49, 78.00, 98 54 127 99 
^ 13L36 * 13L?2 ' ™»>™% 



30 



35 



ribofuranose 

To a solution of MeMgBr in anhydrous Et 2 0 (0.48 M, 300 mL) at 
-55 C was added dropwise a solution of the compound from Step B (17 40 g 36 2 
rnmol) in anhydrous Et 2 0 (125 mL). The reaction mixture was allowed to warm to 
-30 C and stirred for 7 h at -30°C to -15°C, then poured into keloid water (500 mL) 
and the mrxture vigorously stirred at room temperature for 0.5 h. The mixture was 
filtered through a Celite pad (10 x 5 cm) which was thoroughly washed with Et 2 0 

- 101 - 



WO 02/057425 



PCT/US02/01531 



The organic layer was dried (MgS0 4 ), filtered and concentrated The residue was 
dissolved in hexanes (-30 mL), applied onto a silica gel column (10 x 7 cm, 
prepacked in hexanes) and eluted with hexanes and hexanes/EtOAc (9/1) to give the 
title compound (16.7 g) as a colorless syrup. 
5 lH NMR (CDC1 3 ): S 1.36 (d, 3H, J Me ,OH = 0.9 Hz, 2C-Me), 3.33 (q, 1H, OH), 3.41 (d, 
1H, 7 3? 4 = 3.3 Hz), 3.46 (s, 3H, OCH 3 ), 3.66 (d, 2H, J 5A = 3.7 Hz, H-5a, H-5b), 4.18 
(apparent q, 1H, H-4), 4.52 (s, 1H, H-l), 4.60 (s, 2H, C// 2 Ph), 4.63, 4.81 (2d, 2H, 
= 13.2 Hz, Ctf 2 Ph), 7.19-7.26, 7,34-7.43 (2m, 10H, 2Ph). 

13C NMR (CDCI3): 8 24.88, 55.45, 69.95, 70.24, 70.88, 77.06, 82.18, 83.01, 107.63, 
10 127.32, 129.36, 130.01, 130.32, 133.68, 133.78, 134.13, 134.18, 134.45, 134.58. 

StepD: 4-Chloro-7-r3.5-bis-Q-(2,4-dicMoropte 

ribofui^osvl1-7H-pvrn>lor2.3-^pY rimidine 

To a solution of the compound from Step C (9.42 g, 19 mmol) in 

15 anhydrous dichloromethane (285 mL) at 0°C was added HBr (5.7 M in acetic acid, 20 
mL, 114 mmol) dropwise. The resulting solution was stirred at 0°C for 1 h and then 
at room temperature for 3h, Evaporated in vacuo and co-evaporated with anhydrous 
toluene (3 x 40 mL). The oily residue was dissolved in anhydrous acetonitrile (50 
mL) and added to a solution of sodium salt of 4-chloio-lH-pyrrolo[2,3-d]pyrimidine 

20 [for preparation, see J. Chem. Soc . 131 (I960)] in acetonitrile [generated in situ from 
4^hloro-lH-pym>lo[2,3^pyrimidine (8.76 g, 57 mmol) in anhydrous acetonitrile 
(1000 mL), and NaH (60% in mineral oil, 2.28 g, 57 mmol), after 4 h of vigorous 
stirring at room temperature]. The combined mixture was stirred at room temperature 
for 24 h, and then evaporated to dryness. The residue was suspended in water (250 

25 mL) and extracted with EtOAc (2 x 500 mL). The combined extracts were washed 
with brine (300 mL), dried over Na 2 S0 4 , filtered and evaporated. The crude product 
was purified on a silica gel column (10 cm x 10 cm) using ethyl acetate/hexane (1:3 
and 1:2) as the eluent Fractions containing the product were combined and 
evaporated in vacuo to give the desired product (5.05 g) as a colorless foam. 

30 ! H NMR (CDCI3): 5 0.93 (s, 3H, CH 3 ), 3.09 (s, 1H, OH), 3.78 (dd, 1H, Jyj- = 10.9 
Hz, Jy A = 2.5 Hz, H-5'), 3.99 (dd, 1H, J 5 » A = 2.2 Hz, H-5"), 4.23-4.34 (m, 2H, H-3\ 
H-4'), 4.63, 4.70 (2d, 2H, = 12.7 Hz, CH 2 Ph), 4.71, 4.80 (2d, 2H, = 12.1 
Hz,Cff 2 Ph), 6.54 (d, 1H, , 7 5 .6 = 3.8 Hz, H-5), 7.23-7.44 (m, 10H, 2Ph). 
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C NMR (CDC1 3 ): 8 21.31, 69.10, 70.41, 70.77, 79.56, 80.41, 81.05, 91 1 1 100 57 
1 18.21, 127.04, 127.46, 127.57, 129.73, 129.77, 130.57, 130.99, 133.51 133 99 ' ' 
134.33,134.38,134.74,135.21,151.07,151.15152.47. ' 

5 ^-Chloro-^-r-methYl -P-D-n^ofiirano^n^^ 
tfbvrimidine 

To a solution of the compound from Step D (5.42 g, 8.8 mmol) in 
dichloromethane (175 mL) at -78°C was added boron trichloride (1M in 
drchloromethane, 88 mL, 88 mmol) dropwise. The mixture was stirred at -78°C for 
2.5 h, then at -30°C to -20°C for 3 h. The reaction was quenched by addition of 
methanol/dichloromethane (1:1) (90 mL) and the resulting mixture stirred at -1ST 
for 30 mm., then neutralized with aqueous ammonia at 0'C and stirred at room 
^ f0f 15 ^ soM was filtered and washed with CH.Q./MeOH (1/1 
250 mL). The combined filtrate was evaporated, and the residue was purified by flash 
chromatography over silica gel using CH 2 C1 2 and CH 2 Cl 2 :MeOH (99-1 98-2 95-5 
and90:10) gradient as the efoent to furnish desired compound (1.73 g) as aUlorless 
loam, which turned into an amorphous solid after treatment with MeCN 

H H ,™^ 5 ° M(a ' 3H ' CH3)> 361 - 371 (m « 1H > H - 5 '>' 1H, 
H- ), 3.89-4.01 (m, 2H, H-3', H-4'), 5.15-5.23 (m, 3H, T-OU, 3>-OH, 5'-OH> 6 24 

C NMR (DMSO-*) 5 20.2 P , 59.95, 72.29, 79.37, 83.16, 91.53, 100 17, 117 63 
128.86, 151.13, 151.19, 151.45. " ' 

^Aimno-7-(2-C-m Pm vU^^ 
25 rflPVrimidine 

To the compound from Step E (1.54 g, 5.1 mmol) was added 
methanolic ammonia (saturated at 0°C; 150 mL). The mixture was heated in a 
stainless steel autoclave at 85'C for 14 h, then cooled and evaporated in vacuo The 
crude mixture was purified on a silica gel column with CH.CI^eOH (9/1) as eluent 
to g,ve the title compound as a colorless foam (0.8 g), which separated as an 
amorphous solid after treatment with MeCN. The amorphous solid was recrystallized 
from methanol/acetonitrile; m.p. 222°C. 

IH NMR (DMSO-*): 8 0.62 (s, 3H, CH,), 3.57-3.67 (m, 1H, H-5'), 3.75-3 91 (m. 
3H,H^H^ % H-30.5.00(Ma2.-OH,,5.04(MH. W = 6. 8 H,3.'"C 
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5.06 (t, lH,7 5 w^ = 5.1Hz,5'-OH), 6.11 (s, 1H,H-1'), 6.54 (d, 1H, 7 5 ,6 = 3.6 Hz, 
H-5), 6.97 (br s, 2H, NH 2 ), 7.44 (d, 1H, H-6), 8.02 (s, 1H, H-2). 
13c NMR (DMSO-4,): 5 20.26, 60.42, 72.72, 79.30, 82.75, 91.20, 100.13, 103.08, 
121.96, 150.37, 152.33, 158.15. 
5 LC-MS: Found: 279.10 (M-H+); calc. for C12HI6N4O4+H+: 279.11. 

EXAMPLE 63 

4-Amino-7-(3Kteoxy 
10 carfaoxamide 




Me t)H 



Step A: 4-Aminn^4 )romo-7-(2-Q-acetvl-5-0^^ 
ribofuranosvlV7#-pvnx)lor23-^pTO 

BS A (0.29 mL, 2.0 mmol) was added into a stirred suspension of 4- 
15 amino-6-bromo-5-cyano-l#-py^ (0.24 g, 1 mmol; prepared 

according to Nucleic Acid Chemistry, Part IV, Townsend, L. B. and Tipson, R. S.; 
Ed.; Wiley-Interscience: New York, 1991, pp. 16-17 and Synthetic Commun. 1998, 
28, 3835) in dry acetonitrile (10 mL) at room temperature under argon. After 15 min, 
l,2-di-0-acetyl-5-0-benzoyW^^ (j. Med. Chem. 

20 (1976), 19, 1265) (0.36 g, 1.0 mmol) was added along with TMSOTf (0.54 g, 3 
mmol). The mixture was stirred at room temperature for 5 min and then at 80°C for 
0.5 h. the solution was cooled, diluted with ethyl acetate (50 mL) and poured into 
ice-cold saturated aqueous NaHC0 3 (15 mL). The layers were separated. The organic 
layer was washed with brine (15 mL), dried (Na 2 S0 4 ) and then evaporated. The 
25 residue was purified on silica gel column using a solvent system of hexanes/ EtOAc: 
3/1. Appropriate fractions were collected and evaporated to provide the title 
compound as colorless foam (0.21 g). 
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gbg ^nos Y lV7g-pvnx)lor2^nvrin udi n -5^^n n ^i 0 
To a suspension of the title compound from Step A (183 mg 0 35 
n^ol)inEtOH(9n*)w ere a^ 

paUachum on activated carbon (20 mg) and the mixture was heatedat reflux for 1 5h 
The hot reaction mixture was filtered through Celite and washed with hot EtOH. The' 

^dmus^nglOSmgofpuredUe 

P^onasrhca gel column withasolvent system of CH^eOH: 50/1 to afford 
an addruonal 63 mg of tide compound as a white solid. 

4-Ami n o-7-(3-deoTv-3-m ft th Y l.ft.r>_^^ fi , rnnnTT0 
7Jy-pvrrolor2.3-rflp vri m iAn-5. car h nTnnijHA 

Amixturcof ^compoundfromStepB(51mg,0.12mmolX 
ethanohc ammonia (5 mL, saturated at 0 °C), aqueous ammonia (5 mL, 30%) and 
aqueous hydrogen peroxide fl mL, 35%) was stirred room temperature for 8 h. The 
soluuon was evaporated and*he residue purified on silica gel column with a solvent 



EXAMPLE, fid 
25 4-Arninn-7-n^ eoxv .R.r).rihnfi TOnosv i V7f/ , 

HoNOC 

This compound was prepared following the procedures described in J 
Med. Chem. 26: 25 (1983). "escnoea m J. 
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EXAMPLE 65 

4-Amino-7-fB-D-ribofur^ 
5 (Sanfflvamvcin) 




hS 



This compound was obtained from commercial sources. 



EXAMPLE 66 

io ; 

7-(2-0-memvl-D^ribofuranosv^^ 

HO OMe 

This compound was prepared following the procedures described in /. 
Org. Chenu 39: 1891 (1974). 

15 

EXAMPLE 67 

4-Amino-7-r3-deoxv-3-fluoro-B-D-ribof^ 
carboxamide 
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H 2 NOC NH 2 




N 

F bH 

This compound was prepared following the procedures described in 
Chem. Pharm. Bull. 41: 775 (1993). 

EXAMPLE 68 
NC NHa 




This compound was prepared foUowing the procedures described in J 
10 Med. Chem. 30:481(1987). 



EXAMPLE fiO 
4.Amino-7<2-0-memyl-P-n.rihofn^^ 

NH 2 




15 H6 OMe 
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This compound was prepared following the procedures described in J. 
Org. Chem. 39: 1891 (1974). 

EXAMPLE 70 

5 

3 ' -Amino-3 ' -deoxv-2' -O-methvladenosine 



NH 



2 



a; 



H 2 N t)Me 

This compound is obtained by the methylation of appropriately 
protected 3'-amino-3'-deoxyadenosine derivative (Example 54). 
10 ! 

EXAMPLE 71 

4-Aminn-7-f:^eoxv-B-D-ribofuranosviy7ff-pvro 

NH 2 




15 This compound was prepared following the following procedure 

described in Can. J. Chem. 55: 1251 (1977). 

EXAMPLE 72 

20 General process to SATE prodrug moietv 
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S-AcyI-2-TTuoethyl (SATE) pronucleotides are discussed in C R 
Wagner, V.V. Iyer, and EJ. Mclnte*, '^nucleotides: Toward the Jn Vivo Delivery 
of Antiviral and Anticancer Nucleotides," NfcdRes^ey., 20: 1-35 (2000), which is 
incorporated by reference herein in its entirety. SATE derivatives of nucleosides are 
^lo^US.?^, 5J70J25; 5 ,849<H)5;a„d 6,020,482, thecontents of 
each of which are incorporated by reference herein in their entirety. 

BisfS-ac*tYl-?.4hi^^ 

2-MercaptoethanoI (5 g,64mmol) was dissolved in CH 2 C1 2 (50 mL) 
To tms solution was added triemylamine (7.67 mL, 57.6 mmol), and the reaction 
nature was cooled in an ice bath to 0 °C. Acetic anhydride (4.54 rnL, 48 rnrnol) was 
added dropwise an 10 min, and the reaction mixture was stirred for 1 h at 0 °C The 
reaction mixture was then allowed to come to room temperature over a period of 2 h 
The reaction mixture was diluted with CH 2 C1 2 (50 mL), washed with water (75 mL) ' 
5% aqueous NaHC0 3 (75 mL) and brine (75 mL). The organic phase was dried over' 
anhydrous Na 2 S0 4 and concentrated in vacuo to give an oil. The oil was then 
dissolved in anhydrous THF.(40 mL) and anhydrous tiiethylamine (7.76 mL) was 
added. To this mixture was added activated molecular sieves (4A) and was kept at 
room temperature for 10 min. The reaction mixture was cooled in an ice bath to 0°C 
and dusopropylphosphoramidous dichloride (6.47 g, 32.03 mmol) was added The 
reaction mixture was stirred at 0 °C for 2 h under inert atmosphere. Hexane (40 mL) 
was added to the reaction mixture and the precipitate formed was filtered. The filtrate 
was concentrated to one fourth of the volume, purified by loaded silica gel column 
chromatography and eluted with hexane containing 3 % triethylamine and incremental 
amount of ethyl acetate (0 to 7 %) to give the tide compound as an oil (2 36 g) 

3^^™ ?3 U7 ^ (S * 6H) ' 236 6H) ' 314 

62 23 (CDCl3): 5 ^ 24 - 61 ' 30 ' 48 ' 42 85 « 

62.23, 195.26; ,3 P NMR (CDC1 3 ): 8 146.96. 

EXAMPLE 73 

2^aMe m vl^ianosin e .V-rhic. f c. a .^, 1 . 2 . thjnftthY i )rh . Tt> „^ ] 
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Step A: A^Y^monomethoxvtritvn^'-O-methvlguanosine-S'-rbis-^-acetvl-?.- 
thioethvDphosphatel 

^(^monomethoxytrity^-r-O-methylguanosine (0.74 g, 1.31 mmol) 
5 was mixed with lH-tetrazole (0.061 g, 0.87 mmol) and dried over P 2 0 5 in vacuo 
overnight. To this mixture was added anhydrous acetonitrile (8 mL). To the turbid 
solution, bis(5-acetyl-2-tmoemyl)M/^isopropylphosphoramidite (0.3 g, 0.87 mmol) 
was added slowly and the reaction mixture was stirred at ambient temperature under 
inert atmosphere for 2 h. Solvent was removed in vacuo. The residue was cooled to - 

10 40°C and a solution of 3-ch|oroperbenzoic acid (0.2 g) in CH 2 C1 2 (7 mL) was added. 
The solution was allowed toAvarm up to room temperature over 1 h. Sodium 
hydrogensulfite (10% aqueous solution, 2 mL) was added to reduce the excess of 3- 
chloroperbenzoic acid. The organic phase separated, diluted with CH 2 C1 2 (20 mL), 
washed with saturated aqueous Na 2 CC>3 (10 mL), water (10 mL), dried over Na 2 S0 4 

15 and evaporated to dryness. The residue was purified by silica gel column 

chromatography and eluted with CH 2 Cl 2 containing incremental amount of MeOH (5 
to 10 %) as eluent to yield the title compound (0.36 g) as a foam. 
'H NMR (DMSO-&): 6 2.35 (s, 6H), 2.97 (s, 3H), 3.11 (t, 4H, J= 6.0 Hz), 3.5 (m, 1 
H), 3.74 (s, 3H), 3.72-3.83 (m, 2H), 3.97-4.11 (m, 6H), 5.1 (d, 1H, 7= 6.4 Hz), 5.29 

20 (d, 1H, /= 3.1 Hz), 6.89 (d, 2H, 7= 8.8 Hz), 7.15-7.37 (m, 12H), 7.68 (s, 1H), 7.73 
(s, 1H), 10.72 (s, 1H); ,3 C NMR (CDa 3 ): 5 30.36, 55.38, 57.99, 66.08, 66.19, 67.22, 
69.15, 70.49, 81.18, 81.57, 86.64, 113.04, 117.99, 126.66, 127.71, 128.67, 130.04, 
136.09, 136.56, 144.51, 144.82, 149.52, 151.29, 158.15, 194.56; ,3 P NMR (CDC1 3 ): 8 
-2.04; MS (API-ES) 852.10 [M-Hf. 

25 

StepB: 2 , -0-methvlguanosine-5'-rbis-f.S-acetvl-2-thioethvl')phosphate1 

iV^(4-monomethoxytrityl)-2'-0-m^ 
thioethyl)phosphate] (0.2 g, 0.23 mmol) was dissolved in acetic acid : MeOH : H 2 0, 3 
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: 6 :1 and heated at 55 °C for 24 h. Solvent was removed and the residue was purified 

* «^o°n Ph3Se C ° 1Unm (HamiIt ° n ^ 250 X 22 ^ A = Acetonitrile 

B » HaO 20 to 100 B in 65 min, flow 10 mL min" 1 ). Fractions containing die product 
were pooled together and evaporated to give the title compound (40 % yield) 
P NMR (CDC1 3 ): 8 -0.72; MS (API-ES) m/z 582.1 [M+H] + . 

EXAMPLE 7d 

3^£g&ylg uai^ ^ 




Bis(5- P ivalo Y l-?-thinethvl) ft N riuso DroP v1nhn T ho^,vi;^ 
S-pivaloyl-2-tMoethanol (6.3 g, 39.6 mmol) was dissolved in 
^^Z 01 ? ™^ ^° t *" s so ^ ut * 011 wa s added activated molecular sieves 

(4A°) and kept at room temperature for 30 min. Anhydrous triethylamine (7.9 mL, 
59.4 mmol) was added and the reaction mixture was cooled in an ice. bath to 0 °C To 
tins mixture diisopropylphosphoramidous dichloride (4 g, 19.8 mmol) was added' 
dropwrse. The mixture was stirred the reaction mixture at 0°C for 2 h under inert gas 
atmosphere. Hexane (100 mL) was added to the reaction mixture, and the precipitate 
formed was filtered. The filtrate was concentrated to one fourthof the volume. This 
was punfied by flash silica gel column chromatography using hexane containing 2% 
taethylamme and incremental amount of ethyl acetate (0 to 3 %) as eluent to give the 
title compound as an oil (5.23 g). 

lT®i~n 3): 8 U3 " L31 (m * 30 * 121 (S ' 6H).309(t,7=6.6Hz,4H)351. 
3.84 (m, 6H); »C NMR (GDC1 3 ): 8 24.47, 24.61, 27.32, 30.00, 42.85,43 46 32 
61.98. 62.33. 20fi1- ,3 PMMi>/oT^,N. c ^ o .. •*». «J, flOJZ, 



25 61.98, 62.33, 206.1; ,3 P NMR (CDC1 3 ): 8 148.51. 
SteoB 
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^-(^monomethoxytrityl^^O-methylguanosine (0.6 g, 1.05 mmol) 
was mixed with lH-tetrazole (0.05 g, 0.7 mmol) and dried over P 2 Os in vacuo 
overnight. To this mixture anhydrous acetonitrile (13.8 mL) was added. The reaction 
mixture was cooled to 0°C in an ice bath and bis(S-pivaloyl-2-thioethyl)MAr- 
5 diisopropylphosphoramidite (0.32g, 0.7 mmol) was added slowly. The reaction 
mixture was stirred at 0°C for 5 minutes. The ice bath was removed and the reaction 
mixture was allowed to stir at room temperature under an inert atmosphere for 2 h. 
Solvent was removed in vacuo. The residue was cooled to -40 °C and a solution of 3- 
chloroperbenzoic acid (0.24 g, 1.4 mmol, 57-80 %) in CH 2 C1 2 (10 mL) was added. 

10 The solution was allowed to warm up to -10°C over 1 h. Sodium hydrogensulfite 

(10% aqueous solution, 10 mL) was added to reduce the excess of 3-chloroperbenzoic 
acid. The organic phase separated, diluted with CH 2 C1 2 (50 mL), washed with 
saturated aqueous Na 2 C0 3 (40 mL), water (40 mL), dried over Na 2 S0 4 and 
evaporated to dryness. The residue was chromatographed on a flash silica gel column 

15 using a CH 2 C1 2 containing incremental amount of MeOH (0 to 5 %) as eluent 

Fractions containing the product were pooled together and evaporated. The residue 
was dissolved in a solution of acetic acid/water/ methanol (10 mL, 3 : 1 : 6) and 
heated at 55 °C for 24 h. Evaporated the solution in vacuum to get an oil. The oil was 
dissolved in 20% MeOH in water and purified by HPLC on C-18 column (Luna C-18, 

20 250 X 2. 12 mm, A = water, B = acetonitrile, 20 to 10 % B in 65 min., flow 10 mL 
min" 1 , X 260 nm) to yield the title compound (0.082 g). 

'HNMR (DMSO-dtf: 5 1.18 (s, 18H), 3.08 (m, 4H), 3.33 (s, 3H) 3.94-4.10 (m, 6 H), 
4.14-4.21 (m, 2H), 4.29 (m, 1H), 5.42 (d, 1H, 7= 5.4 Hz), 5.81 (d, 1H, /= 5.8 Hz), 
6.49 (bs, 2H), 7.86 (s, 1H), 10.66 (bs, 1H); 13 P NMR ( DMSO-&): 8 -0.71; MS (API- 
25. ES)m/z 664.2 [M-H]\ 

EXAMPLE 75 

8-Bromo-2 , -Q-methvlguanosine-5 T -r bis-f5-pivalovl-2-thioethvnph 
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the^vnth • ™ S com P ound ™ synthesized according to the procedure used for 
the ynthes.s of Example 74 starting with S-bromo-^onomethoxytntyl^'-O 

0.49 mmol), W-fnvtoyl-l.MoetoM^^^^^ £ . £ 

CH 2 C1 2 (4 mL). The title compound was isolated in 13 % yield (0 061 g ) 
H NMR (DMSO-*): 8 1.14 and 1.16 (m, 18H), 3.06 <m, 4H) 3 32 (s 3H) 3 

(DMSO^)8-0.79;MS(API-ES)^742.13and74413[M.H]- 



EXAMPLF. 7fi 



15 3 
il^dine-5'-rh, S -^-p,v g i. y , o thjogti^; ^ ' " 




6 , ^AaT^^ 



1 r w 

H<5 t)Me 



This compound was synthesized according to the procedure used for 
the synthesis of Example 74 starting with 7-deaza-^4-monomethoxytri tyl)-2>-0- 
methylguanosine (0.47 g, 0.82 mmol). Other reagents used were IH-tetrazIl (0 044 
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g, 0.63 mmol), bis(S-pivaloyl-2-thioethyl)A/;iV^sopropylphosphoraniidite (0.29 g, 
0.63 mmol), acetonitrile (11 mL), 3-chloropert)enzoic acid (0.21 g, 1.26mmol, 57-80 
%) in CH 2 C1 2 (5.2 mL). The title compound was isolated in 29% yield (0.158 g). 
'H NMR (DMSO-4,): 5 1.14 (s, 18H), 3.06 (m, 4H), 3.31 (s, 3H) 3.96-4.26 (m, 9H), 
5.35 (d, 1H, J = 2.6 Hz), 5.78 (d, 1H, / = 5.2 Hz), 5.99 (d, 1H, / = 6.6 Hz), 6.27 (m, 
3H), 6.86 (d, 1H, /= 3.6 Hz), 10.39 (s, 1H); 13 P NMR (DMSO-4;): 8 -0.72; MS (API- 
ES) m/z 663.20 [M-H]"; HRMS Calcd for C26H42N4O10PS2 665.2074 found 665.2071. 

EXAMPLE 77 

S'-Deoxvpu anosine-S'-lDis-r^-pivalovl^-thioethvnDhosphatel 

O 

iV^MonomethoxytritylJ-S'-Kieoxyguanosine (0.20 g, 0.35 mmol) 
was mixed with lH-tetrazole (0.019 g, 0.27 mmol) and dried over P 2 0 5 in vacuo 

15 overnight To this mixture anhydrous acetonitrile (4.7 mL) was added to give a turbid 
solution. The reaction mixture was cooled to 0°C in an ice bath and bis(S-pivaloyl-2- 
thioethyl)A/;iV-diisopropylphosphoramidite (0.12g, 0.27 mmol) was added slowly. The 
reaction mixture was stirred at 0°C for 5 minutes. The ice bath was removed and the 
reaction mixture was allowed to come to room temperature. The reaction mixture was 

20 stirred at room temperature under an inert gas atmosphere for 2 h. Solvent was 
removed in vacuo. The residue was cooled to -40°C and a solution of 3- 
chloroperbenzoic acid (0.12 g, 0.7 mmol, 57-80 %) in CH 2 C1 2 (2.2 mL) was added 
The solution was allowed to warm up to -10 °C over 1 h. Sodium hydrogensulfite 
(10% aqueous solution, 2 mL) was added to reduce the excess of 3-chloroperbenzoic 

25 acid. The organic phase was separated, diluted with CH 2 C1 2 (30 mL), washed with 
saturated aqueous Na 2 C0 3 (20 mL), water (20 mL), dried over Na 2 S0 4 and 
evaporated to dryness. The residue was chromatographed on a flash silica gel column 
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using CH 2 C1 2 containing incremental amount of MeOH (0 to 5 %) as eluent Fractions 
-tauungtheproductwerepooleoandeva^ 

solutron o acetic acid/water/ methanol (5mL,3 : 1:6) and heated at 55 °C for 24 h 
Evaporated the solution in vacuum to get an oil. The oil was dissolved in 20% MeOH 

the title compound (0.027 g) ^ 

«* /- 6.2 Hz). 3 JW) (m, 6 H), 4.37-4.55 (m, 2H), 3.67 (m, 2H) 6 45I 1 
™<s, 1H) , 10.6! (, 1H): "PNMRpMSO^a^^^^ 



EXAMPT.R 78 



^pvnrm m ne-5^rhis-W. ? iv a ^yi.O-,K joethv1V hnTKQ ^ 




O 

NH 



«M>28 g. 0.40 mmo!) and dried over Pj0s i„ TO ovemight T „ m 

^ " solution wd, coo,ed ,0 0 <C in an 

rce tab. B.s(i-p 1 »aloyl- 2 -,hioeU ly l> W Kiasop I op yl p hM phc^di te (0.18 g 0 40 

^l^^^txnmtem,^^™^^^^ The 
ehl^* 1 " mIw ^"^^ ^ vacuo. The residue was cooled to -40°C arid a solution of 3- 
chtaoperberao.c acid (0.14 g, 0.8 mux,,, 57-80 %) in CHad, (5 mL) was added. The 
aolutic.wasallowe4.ow™ up ,o-, 0 ^ OVCT2n . Sotah ^^^ 
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aqueous solution, 5 mL) was added to reduce the excess of 3-chloroperbenzoic acid. 
The organic phase was separated, diluted with CH 2 C1 2 (50 mL), washed with 
saturated aqueous Na 2 C0 3 (40 mL), water (40 mL), dried over Na 2 S0 4 and 
evaporated to dryness. The residue was chromatographed on a flash silica gel column 
5 using CH 2 C1 2 containing incremental amount of MeOH (0 to 5 %) as eluent. Fractions 
containing the product were pooled and evaporated. The residue was dissolved in a 
solution of acetic acid/water/ methanol (10 mL, 3 : 1 : 6) and heated at 55 °C for 24 h. 
The solution was evaporated to give an oil. The oil was dissolved in 20% MeOH in 
water and purified by HPLC on C-18 column (Luna C18.250 X 2.12 mm, A = water, 
10 B = acetonitrile 20 to 10 % B in 65 mL, flow 10 mL/min, X 260 nm) to give the title 
compound (0.053 g). 

'HNMR (DMSO-4*): 8 1.16 (s, 18H), 1.91-2.01 (m, 1H), 2.17-2.25 (m, 1H), 3.05 (t, 
4H, 7= 6.2 Hz), 3.92-4.2 (m, 6 H), 4.35 (bs, 2H), 5.56 (d, 1H, J= 4.2 Hz), 5.86 (d, 
1H, J = 2.4 Hz), 6.24 (m, 3H), 6.77 (d, 1H, J = 3.6 Hz), 10.36 (s, 1H); 13 P NMR 
15 (DMSO-&): 8 -0.89; HRMS (MALD1) Calcd for C25H39N4O9PS2.635.i969 found 
635.1964. 

EXAMPLE 79 

20 2-Amino-5-bromo-7-f3-d eoxv-B-D-ribof^ 

^p\dmidin e-5'-rbis-fS-pivalovI-2-thioethvnphosp hatft1 




2-(4-Monomethoxytrityl)amino-5-bromo-7-(3-deoxy-P-D- 
ribofuranosyl>7/f-pvrrolo[2,3-d]pyrimiQm^(3/0 (0.066 g, 0.17 mmol) was 
25 mixed with imidazole triflate (0.017 g, 0.17 mmol) and dried over P 2 0 5 in vacuo 
overnight To this mixture anhydrous acetonitrile (7 mL) and bis(5-pivaloyl-2- 
thioemyl)M^-diisopropylphosphoramidite (0.97 g, 0.24 mmol) were added slowly. 
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The reaction mixture was stirred under an inert atmosphere for 18 h. Solvent was 
removed in vacuo. The residue was.cooled to -40°C and a solution of 3- 
cWoreperbenzoic acid (0.059g, 0.34 mmol, 57-80 ft) in CH 2 C1 2 (2 mL) was added 
The solution was allowed to warm up to -10 °C over 2 h. Sodium hydrogensulfite (10 
ft aqueous solution, 5 mL) was added to reduce the excess of 3-chloroperbenzoic 
acid. The organic phase was separated, diluted with CH 2 C1 2 (30 mL), washed with 
saturated aqueous Na 2 C03 (20 mL), water (20 mL), dried over Na 2 S0 4 and 
evaporated to dryness. The residue was chromatographed on flash silica gel column 
using CH 2 C1 2 containing incremental amount of MeOH (0 to 5 ft) as eluent Fractions 
containing the product were pooled and evaporated. The residue was dissolved in a 
solution of acetic acid/water/ methanol (3 mL, 3 : 1 : 6) and heated at 55 »C for 24 h 
The solution was evaporated to give an oil. The oil was dissolved in 20% MeOH in ' 
water and purified by HPLC on C-18 column (Luna C18,250 X 2.12 mm, A = water 

B = acetomtrile20tol0ftBm65rn I .flowl0mLmin- 1 , X 260 nm) to afford the ' 
15 title compound (0.036 g). 

talQII L 0>MSO-*): 8 1.1 ? (s, 18H), 1.87-2.03 (m, 1H), 2.17-2.26 (m, 1H), 3:05 (t, 

mi'ZT- ^• 3 - 92 ^ 2( ^ 6 ^ 4 - 37 ^^ 5 ^(^H,/=4.4H Z ),5.85(d, 
1H 7 = 2.6 Hz), 6.36 (bs, 2H), 6.93 (s, 1H), 10.51 (s, 1H); 13 P NMR (DMSOdA 5 - 
0.89; MS (AP-ES) *fc 711.1 1 and 713.09 [M-HJ; HRMS (MALDI) Calcd for 
C25H3gBrN4O9PSj.7i3.lO74 and 715.1074 found 713.1081 and 715.102. 

EXAMPT.F.sn 

NH 2 

r 'Y/ 0 



20 



25 




HO OMe 



y-(4,4^rMmemoxytrityl)-2^0-memylcytidine (0.49 g, 0.86 mmol) 
was mixed with IH-tetrazole (0.06 g, 0.86 mmol) and dried over P 2 O s /„ vacuo 
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overnight. To this mixture anhydrous acetonitrile (6 mL) and bis-(S-pivaloyl-2- 
tWoethyl)-MAT-diisopropylphosphoramidite (0.39 g, 0.86 mmol) were added at 0 °C. 
The reaction mixture was allowed to come to room temperature and stirred under an 
inert atmosphere for 18 h. Solvent was removed in vacuo. The residue was cooled to 
-40°C and a solution of 3-chloroperbenzoic acid (0.3g, 1.72 mmol, 57-80 %) in 
CH 2 Cl 2 (5.5mL) was added. The solution was allowed to warm up to -10°C over 2 h. 
Sodium hydrogensulfite (10 % aqueous solution, 5 mL) was added to reduce the 
excess of 3-chloroperbenzoic acid. The organic phase was separated, diluted with 
CH 2 C1 2 (30 mL), washed with saturated aqueous Na 2 C0 3 (20 mL), water (20 mL), 
dried over Na 2 S0 4 and evaporated to dryness. The residue was chromatographed on a 
flash silica gel column using CH 2 C1 2 containing incremental amount of MeOH (0 to 
10 %) as eluent. Fractions containing the product were pooled and evaporated. Hie 
residue was dissolved in a solution of acetic acid/water/ methanol (10 mL, 3:1:6) 
and heated at 55°C for 24 h. The solution was evaporated to give an oil. The oil was 
dissolved in 20 % MeOH in water and purified by HPLC on C-18 column (Luna 
CI 8,250 X 2.12 mm, A = water, B = acetonitrile 20 to 10 % B in 65 ML, flow 10 mL 
min* \ X 260 nm) to yield the title compound (0.076 g). 

! H NMR (DMSO-40: 5 1.18 (s, 18H), 3.12 (t, 4H, J = 6.4 Hz), 3.39 (s, 3H), 3.69 (t, 
1H, J = 4.2 Hz), 3.93-4.3 (m, 8H), 5.29 (d, 1H, J = 6.2 Hz), 5.72 (d, 1H, J s 7.4 Hz), 
5.86 (d, 1H, J = 4 Hz), 7.21 (bs, 2H), 7.58 (d, 1H, / = 7.4 Hz); 13 P NMR (CD3CN): 5 - 
0.64; MS (AP-ES) rn/z 625.69 [M+H] + ; HRMS (MALDI) Calcd for 
C24H4oN 3 OioPS 2 Na 648.1785 found 648.1804. 



EXAMPLE 81 



5-Bromo-2 , -Q-methvlcvtidine-5 , -n3is-( > y-pivalovl-2-thioethvnDhosp^ 
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2'-0-Methylcytidine (1.5 g, 5.83 mmol) was mixed with imidazole 
(3.97 g, 58.32 mmol) and dried in vacuo. This mixture was dissolved in anhydrous 
DMF (4 mL) and t-butyldimethylsilyl chloride (4.41 g, 29.25 mmol) was added and 
5 the reaction mixture was stirred for 18 hat room temperature under an inert 

atmosphere. Reaction mixture was diluted with water (100 mL) and extracted with 
ethyl acetate (2 x 60 mL). The organic phase was dried over anhydrous Na 2 S0 4 and 
evaporated. The residue was purified by silica gel column chromatography and eluted 
w.th ethyl acetate/hexane, 6 : 4. Fractions containing the product were pooled and 
10 evapomed The product obtained (2.76 g) was dissolved in acetonitrile (19.43 mL), 
LjBr (0.623 g, 7.18 mmol) and stirred to get a clear solution. To this ammonium eerie 
(IV) nitrate (6.24 g, 1 1.37 mmol) was added and the reaction mixture was allowed to 
stir at room temperature for 3 h. Solvent was removed in vacuum. The residue 
obtained was taken in ethyl acetate (100 mL) and washed with water (80 mL). The 
15 organic phase was separated, dried over anhydrous Na 2 S0 4 and evaporated. Residue 
purified by silca gel coWchromatography and eluted with 5 % MeOH in CH 2 C1 2 

^"1^ ^ * diSS ° 1Ved " 80 % 3Cetic acid in water *"* h-ted 
at 50 C for 6 h. The solvent was removed and the residue purified on a silica gel 

20 

20 B NMR (DMSO^): 8 0.78 (s, 6H), 0.85 (s, 9H). 3.31 (s, 3H), 3.44-3.6 (m, 2^ 
7.06 (bs,lH), 7.88 (bs, 1H), 8.39 (s, 1H). 

5-Bromo-2'.f7-methvl C vtiriin < .-V. r K {e - f c rirnlnT] . 
25 thioethvnphnsphat^ 

5-Bromo-3VO-(t-butyldimethyl)silyl-2'-0-methylcytidine (0.093 g 
0.21 mmol) was mixed with IH-tetrazole (0.03 g, 0.42 mmol) and dried over P 2 0 5 ' in 
vacuo overnight. To this mixture anhydrous acetonitrile (2 mL). Bis-(S-pivaloyl-2- 
thioethyl W-diisopropylphosphoramidite (0.2 g, 0.42 mmol) was added at 0 °C The 
30 reaction mixture was allowed to come to room temperature and stirred under an inert 
atmosphere for 4 h. Solvent was removed in vacuo. The residue was cooled to - 40 °C 
and a solution of 3-chloroperbenzoic acid (0.072g, 0.42 mmol, 57-80 %) in CH 2 C1 2 (2 
mL) was added. The solution was allowed to warm up to -10 °C over 2 h. Sodium 
hydrogensulfite (10 % aqueous solution, 2 mL) was added to reduce the excess of 3- 
chloroperbenzoic acid. The organic phase separated, diluted with CH 2 C1 2 (30 mL), 
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washed with saturated aqueous Na 2 C0 3 (20 mL), water (20 mL), dried over Na 2 S0 4 
and evaporated to dryness. The residue was dissolved in THF (2.1 mL) and 
triethylamine trihydrofluoride (0.17 g, 1.1 mmol). The reaction mixture was stirred at 
room temperature for 18 h. The solution was evaporated to give an oil. The oil was 
5 dissolved in ethyl acetate (30 mL) and washed with water (20 mL), 5% aqueous 

NaHC0 3 and brine (20 mL). The organic phase was dried over anhydrous Na 2 S0 4 and 
evaporated. The residue was dissolved in 20 % MeOH in water and purified by HPLC 
on C-18 column (Luna C18, 250 X 2. 12 mm, A = water, B = acetonitrile 20 to 10 % B 
in 65 mL, flow 10 mL min" 1 , X 260 nm) to give the title compound (0.054 g). 

10 , H^^VlR(PMSa4f):5l.l7(s,18H),3.11(t,4H,7 = 6.2Hz),3.39(s,3H),3.75(t, 
1H, /= 4.8 Hz), 3.93-4.3 (m, 8H), 5.23 (d, 1H, J = 6.4 Hz), 5.8 (d, 1H, /= 3.8 Hz), 
7.07 (bs, 1H), 7.89 (s, 1H) 7.94 (bs, 1H); 13 P NMR (CD3CN): 8 -0.34; MS (AP-ES) 
m/z 702.00 and 704.00 [M-H]"; HRMS (MALDI) Calcd for CaO^rNaOioPSjNa 
726.0890 and 728.0890 found 726.0893 and 728.086. 

15 

EXAMPLE 82 

I . — 

t 




Step A: i^^^^dimethoxvtritvlVS'-deoxvcvtidine 

3'-Deoxycytidine (0.8 g, 3.54 mmol) was mixed with imidazole (2.41 
g, 35.4 mmol) and dried over P2O5 in vacuum overnight at 40°C. The mixture was 
dissolved in anhydrous DMF and Nbutyldimethylsilyl chloride (2.68 g, 17.78 mmol) 
25 was added and the reaction mixture was stirred under an argon atmosphere for 18 h at 
room temperature. The reaction mixture was diluted with water (100 mL) and 
extracted with ethyl acetate (2 x 75 mL). The organic phase was separated, dried over 
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chrtrnutography and el«ed with ethyj acetate/hexane (6 : 4) to yield r^-bisft. 

5 0.Q and 4.4 -mmahoxyuityl chloride (,.89 g , 5 .58 mmo!) was added The ^ 
was , shnrf a, room tempemnne mdCT . ^ ^ ^» 
was r^ved . vuc*,. Hie residue obtaine(i ntlItgIil eth ™ 

18 h. Solvent was removed and the residue dissolved in ethyl acetate (50 mL) washed 

'H NMR (DMSa*): 8 1.66 to, 1H), 1.85 (m, 1H). 3.47 to, 1H) 3 63 to 1H1 1 7, 
(a. 6H), 4.00 (ba, 1H) , 4.!9 to 1H ), 456 ft ,H. ^ 5 .2 ^ 1 « 
1H). 6.17 (na, ,H). 6.83 0.4H.J. 8.8 Hi), 7.04-7.22 <m 9^ ™ , 6 
20 Hi). 8.27 (bs, 1H ); MS (AP.ES)^ 528.1 [M-HJ-. (m ' 9H) '" 7(<UH - , = 7 « 

l'-^VeVtidine.5'-tW,-(v r ,V„ lnrl ^oetnytot.^ ...-, 

or™* ^^^"^^^Mowingthesimilaraynthetie 
Proeedttre used for the synthesis of Example 80 starting with N>-U 4'. 

c^oxyhiwr^xyeylidine^ g. 0.57 mmol). Other reagents used for the 
ynthesrs were lH-«etrazo.e (0.04 g, 0.57 trtmol), acerorutrile (4 mL), hia-ts-pivaloyl- 
^■oemyimAT^opropviphoaphoratnidite (0.52 g, U4 mmol) and 3- 
chloroperbenzoie acid (02g, 1.14 mmol. 57-80 %) in CH.C1, (3.6 mL). TV product 
™'sola tt dh,22%yi«ld(0.073g)alierHPLCpmifleado» 
^^^ MSO -* ):5,n(S -' 8H) ' 1 - 84(m - 2H '- 3 »*^^^ 
»dL8. Hz), '•l(^2H).7 J 6(u,U l y=7.4H 2 ) ! ^NMR(^M 71 . N 4 s 
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EXAMPLE 83 

2 , -0-Methvlcvtidine-5'-fbisfisopm pvloxvcarbonvloxvmethvl'>1phosphate 

NH 2 



1 " ( N 



o 

o=C / H(3 bMe 

°A 

5 Phosphonomethoxy nucleoside analogs are discussed in C.R. Wagner, 

V.V. Iyer, and E.J. Mclntee, "Pronucleotides: Toward the In Vivo Delivery of 
Antiviral and Anticancer Nucleotides," Med. Res. Rev .. 20: 1-35 (2000), which is 
incorporated by reference hejein in its entirety. They are also disclosed U.S. Patent 
Nos. 5,922,695; 5,977,089; 6,043,230; and 6,069,249, the contents of each of which 
10 are incorporated by reference herein in their entirety. 

Step A: iso-Propvl chloromethvl carbonate 

This was prepared according to Antiviral Chemistry & Chemotherapy 

8: 557 (1997). 

15 

Step B: 2 , -0-Methvlcvddine-5'-phosp hate 

This intermediate was prepared as described in Tetrahedron Lett. 50: 

5065 (1967). 

20 Step C: 2^0-Methvl cvtidine-5 , -rbisfisopropvloxvcarbonvlQxv 
methvDIphosphate 

2 , -0-Methylcytidine-5'-phosphate (0.4 g, 1.19 mmol) was dried over 
P2O5 in vacuum overnight at 40 °C. It was then suspended in anhydrous DMF (4 mL). 
To this mixture was added diisopropylethylamine (0.86 mL, 4.92 mmol) and iso- 
25 propyl chloromethyl carbonate (1.56 g, 7.34 mmol). The mixture was heated at 50 °C 
for 1 h. The reaction mixture was then allowed to come to room temperature. The 
reaction mixture was stirred at room temperature for 48 h and then filtered. The 
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15 



filtrate was diluted with water (100 mL) and extracted with CH 2 C1 2 (3 x 50 mL) The 

min , A 260 nm) to give the tide compound (2.5 mg) 
^ NMR (CD 3 CN): 8 -3.09; MS (AP-ES) ^ 570.1 IM + H] + . 

EXAMPTP«A 



o / 

! HlS hue 




Paten. 408366 ^T^" * -*» to Oennan 

Kttenl 408366(1992) *«i J. Acquired ImmmeDefic. Syndr .2000 23 227 TV 
reaction of tht appropriately nrotected y n . 

, fn'nMy protected 2 -O-methylcyndtne wKn (2-decyIoxy-3- 

[preparot, by fc ^ it^v? 
rennx.ngcond.non.ta.^^^^^J^^^ 
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9 ( , 

Me(CH 2 ) 14 ^0 ° H \J 

0 H$ t)Me 

This compound is synthesized by the reaction of 2 -O-methylcytidine- 
5 -monophosphoromorpholidate with roc- l^^tadecyl-2-O-palmitoyl-l -thioglycerol 
in pyridine following the similar procedure described for AZT and ddC in J. Med. 
5 Chem. 39: 1771 (1996). 

EXAMPLE 86 

10 Nucleoside 5'-Triphosphates 

The nucleoside S'-triphosphates of the present invention were prepared 
according to the general procedures described in Chem. Rev.100: 2047 (2000). 



15 



EXAMPLE 87 



Purification and Purity Analysis of Nucleoside 5 '-Triphosphates 

Triphosphates were purified by anion exchange (AX) chromatography 
using a 30 x 100 mm Mono Q column (Pharmacia) with a buffer system of 50 mM 
Tris, pH 8. Elution gradients were typically from 40 mM NaCl to 0.8 M NaCl in two 

20 column volumes at 6.5 mL/min. Appropriate fractions from anion exchange 

chromatography were collected and desalted by reverse-phase (RP) chromatography 
using a Luna C18 250 x 21 mm column (Phenomenex) with a flow rate of 10 ml/min. 
Elution gradients were generally from 1% to 95% methanol in 14 min at a constant 
concentration of 5 mM triethylammonium acetate (TEAA). 

25 Mass spectra of the purified triphosphates were determined using on- 

line HPLC mass spectrometry on a Hewlett-Packard (Palo Alto, CA) MSD 1100. A 
Phenomenex Luna (C18(2)), 150 x 2 mm, plus 30 x 2 mm guard column, 3-\xxn 
particle size was used for RP HPLC. A 0 to 50% linear gradient (15 min) of 
acetonitrile in 20 mM TEAA (triethylammonium acetate) pH 7 was performed in 
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10 



20 



25 



enes w,th mass spectral detection in the negative ionization mode. Nitrogen gas and 

900 was sampled Molecular xaasses were determined using die HP Chemstetion 
analysis package. irauuuign 

»d J , J** P ™* y °" he P ° rified "P 1105 ^ was detennined by analytical 
RPandAXHPLC. RP HPLC with a Phenomonex Luna or Jupiter colunm (250^ 
« a»»),5.p panicle size was typically™ with a 2-70% aceloniWe gradient in 

OcT"™ 1EAA ' PH7 ' .Ux5-il 
Q celuran OWci,,. Tnphoapht.es wera eluted with a gradient of 0 «o 0 4 M 

EXAMPLE. 8R 



15 Nucleoside S' -Monnp hnsphatoe 

m««i J"' 5 '- mon °P hos P hate « of the present mvention were 

to^p^a^,. 50: 5065 



EXAMPLE SO 
2 -Annno-9-fR-D- ara hinn..,r a nn, v n .9„.p llriT ,^ f 1 1^ „ nr 

"O'VOy N NH 2 
\ — UOH 

This compound was obtained from commercial sources. 
EXAMPLE Of) 

3 , -Deoxv^'. me thvlp uann..in>a 
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O 




Ml t>H 



This compound was prepared following procedures described in U.S. 
Patent No. 3,654,262 (1972). 

5 EXAMPLE 91 

2 , -Q-f4-amida2olvl-Dbutvl lguanosine 



O 




10 Step A: 2 , -Q-f4-(Tnii dazolvl-Dburvn-2-aminoadenosine 

A solution 2-aminoadenosine (7.36 g, 26 mmol) in dry DMF (260 mL) 
was treated portionwise with 60% NaH (3.92 g, 1000 mmol). After 1 hr., a solution 
of bromobutytimidazole (9.4 g, 286 mmol) in DMF (20ml) was added. After 16 hrs., 
the solution was cone, in vacuo, partitioned between H 2 0/EtOAc and separated The 

15 aqueous layer was evaporated, and the residue was chromatographed on silica gel 
(CHCl3/MeOH) to afford the title nucleoside as a white solid; yield 4.2 g. 
'H NMR (DMSO-4j): 8 1.39 (t, 2H), 1.67 (t, 2H), 3.3-3.7 (m, 4H), 3.93 (m, 3H), 4.29 
(m, 2H), 4.40 (d, 1H), 5.50 (5, 1H), 5.72 (d, 1H), 5.82 (bs, 2H), 6.72 (bs, 2H), 6.86 (s, 
1H), 7.08 (s, 1H), 7.57 (s, 1H). 7.91 (s, 1H). 

20 

Step B: 2 , -0-r4-ffmidazolvl-l)butvnguanosine 



-126- 



WO 02/057425 



PCT/US02/01531 



10 



tun m ^ n T tUre ° f * eint ^ atetomSte PA(3.2g,8inmol)inH 2 0 

elZr^ rc ° n ; temPeratUreandpH7 - ^^-filteredandandthl 
evapon** ^ ^ulUng soUd was c^stallized ^ EtQAc^eOH to affoni the tifle 
compound as a white solid; yield 2.6 g 

'HNMR(DMSO^):8l.39(t,2H),1.67(t,2H),33-3.7(m,4H),3 93( m 3H ) 429 

EXAMPLF.Q9 
2'-Deoxv-2'-fl UQm p 1 i anftc ; tlo 

O 

15 CHon, Ph ™^r^ UndWM ^ P ^ f ° Il0Wing * eC0ndto 
15 Chem. Pharm. Bull. 29: 1034 (1981). 



20 



EXAMPT.RQ3 



2'-Deoxvpuanosine 



< J ^ H 

H0 "V°sl r ^>H2 



1 sources. 
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EXAMPLE 94 

2-Anuno-7-f2Kleoxv-2-fl^^ 
one 



O 




5 H<5 V 

Step A: 2-Amino-4< hloro-7-(2.3.5-tri^^ 
pvrroIor23-^l-pyrimidine 

To a suspension of 2-amino^hloro-lH-pynrclo[2,3^ 
[Liebigs Ann. Chem.1: 137 (1983)] (3.03 g, 18 mmol) in anhydrous MeCN (240 mL), 

10 powdered KOH (85%; 4.2 gl 60 mmol) and tris[2-(2-methoxyethoxy>ethyl]amine 
(0.66 mL, 2.1 mmol) were added and the mixture was stirred at room temperature for 
10 min. Then a solution of 2,3,5-tri-O-benzyl-D-arabinofuranosyI bromide [prepared 
from corresponding 1-0-p-nitrobenzoate (11.43 g, 20.1 mmol) according to Seela et 
al., J. Org. Chem. (1982), 47, 226] in MeCN (10 mL) was added and stirring 

15 continued for another 40 min. Solid was filtered off, washed with MeCN (2 x 25 mL) 
and combined filtrate evaporated. The residue was purified on a silica gel column 
with a solvent system of hexanes/EtOAc: 7/1, 6/1 and 5/1. Two main zones were 
separated. From the more rapidly migrating zone was isolated the a anomer (0.74 g) 
and from the slower migrating zone the desired P anomer (4.01 g). 

20 

StepB: 2-Amino-7-(B-D-arabinofurano^ 
rflpyrimidine 

To a solution of the compound from Step A (4.0 g, 7 mmol) in CH 2 C1 2 
(150 ml) at - 78 °C was added a solution of 1.0 M BCli in CH 2 C1 2 (70 mL, 70 mmol) 
25 during 45 min. The mixture was stirred at -78 °C for 3h and at -20 °C for 2.5 h. 
MeOH-CH 2 Cl 2 (70 mL, 1:1) was added to the mixture, Which was then stirred at 
-20 °C for 0.5 h and neutralized with cone, aqueous NH 3 at 0°C. The mixture was 
stirred at room temperature for 10 min. and then filtered. The solid was washed with 

- 128 - 



WO 02/057425 



PCT7US02/01531 



. IWn «. 1:1) art the coined State evaporattd . ^ ^ Wffi 
panned on a sthca gel col™ with a solvent sysKn of CftC/MeOH: 20/! W gj V e 

arabmofa ra no,yll-4^hW7» nir . br2 3^ t , m . m , Hjr . 

™ ecom P°™> d *<>">StepB(0.87g,2.9mmol)aadimi < lazole(0.43« 
5.8 I nmolwai«dis S olve<linDMP(3.5niL).U-DichlotD-113 3 

10 ^ 0 7 Py,diS " 0M " e M "» » «he sotaon'. The n*cta, WM 

batw«aCH^H150 n i)aDdwaler(30 I a.).7^Uya re „ eTCS ™ raled ^ 
organte layee was dried (Na^O.) and evapontted He .esidue waa purified on , silioa 
gel column with a solvent system of hatanes/BOAc: 7/1 and 5/1 to give the «te 
compound (1.04 g). e-vcuicuue 

15 ' . • 

^ ^^#0^=3 5^q - * - trmi- Mj n „ , , 

d.Yl)-fi-D- a n,hmofi,n,nn.yn 4 rh1oro-7/7-nv™.,. p Mr nmidinr 
no r \ n ° f ^ COmpound from Ste P C (0.98 g, 1.8 mmol) in MeCN 

20 ^^^^^^^^^^^ 

« ^ "^^^^^^^^(Na^andevaporatedto 
yield pure title compound (1.12 g), 

& Pvrrolor2/<-^|pYr, m ,w <nf , 

Toanice^oldsolutionofthecompoundfromStepD(0.95g 1 63 

mmol) 1 „ raF (10ni)andAcOH(0.19mL)wa S adaeddropwis e lOM 
tetrabutylammonium fluoride solution in THF (3.4 mL) and stirred at 0 °C for 15 min 

30 ^"CH 2 Cl 2 andelute^ 

ft-t.onswerepooledandevaporated to give the title nucleoside (0.56 g) L a white 



35 



mbinoferanosvn^ h1ortv7ff- P vnr»1o^ g^E yjimjdjiig 
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To a solution of the compound from Step E (0.5 g, 1.46 mmol) in 
CH 2 C1 2 (10 mL) and 3,4-dihydro-2-/?-pyrane (0.67 mL) was added dropwise TMSI 
(30 yL, 0.2 mmol). The reaction mixture was stirred at room temperature for 1 h and 
then evaporated. Hie oily residue was purified on a silica gel column packed in a 
5 solvent system of hexanes/EtOAc/Et3N: 75/25/1 and eluted with a solvent system of 
hexanes/EtOAc: 3/1. The fractions containing the product were collected and 
evaporated to give the desired compound (0.60 g). 

Step G: 2-Anuno-7-f3.5^-fl-ftet n^^ 
10 chloro-7g-pvm)lor2.3^pviimidine 

A mixture of the compound from Step F (0.27 g, 0.53 mmol) and 
methanolic ammonia (saturated at 0 °C; 10 mL) was kept overnight at 0 °C. 
Evaporation of the solvent yielded the desired compound (0.25 g). 

15 StepH: 2-Amino-7-r2-deoxv-2-fluoi o-3.5^ 
ribofunmosvH-4^Moro-7^ 

To a solution :of the compound from Step G (0.24 g, 0.51 mmol) in 
CH2CI2 (5 mL) and pyridine (0.8 mL) at -60°C was added diethylaminosulfur 
trifluoride (DAST; 0.27 mL) dropwise under Ar. Hie solution was stirred at -60 °C for 
20 0.5 h, at 0 °C overnight and at room temperature for 3h. The mixture was diluted with 
CH 2 C1 2 (25 mL) and poured into saturated aqueous NaHC0 3 (15 mL). The organic 
layer was washed with water (10 mL), dried (Na 2 S0 4 ) and evaporated. The residue 
was purified on a silica gel column with a solvent system of hexanes/EtOAc: 5/1 to 
give the title compound (45 mg) as a pale yellow foam. 

25 

Step I: 2-Amino-7-( 2^oxv-2-nuor^ 
Pvrrolor2.3-rf]-pY riTniHinft 

A solution of the compound from Step H (40 mg. 0.08 mmol) in EtOH 
(2 mL) was stirred with pyridinium p-toluenesulfonate (40 mg, 0.16 mmol) at 60 °C 
30 for 3 h. The mixture was then evaporated and the residue purified on a silica gel 
column with a solvent system of hexanes/EtOAc: 1/1 and 1/2 to give the desired 
compound (24 mg). 



Step J: 2-Aimno-7-( 2-deoxv-2-fluon)^ 
35 rf]pvrimidin-4(3/fi-one 
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A mixture of the compound from Step I (4 mg, 0.08 mmol) in 2N 
cooledman 1C e-bath. neaped wim 2 N aqueous HQ and evaporated to drvnesl 

10 Thefi^ons containing the product were collected and evaporated to dn, ess to 
yield the tide compound (20 mg) as a white solid. 

r^^ff!; 53 - 73 ' 3 - 88 ^ 211 ' ^^.4,3.8, 2.6Hz),4.01(m,lH) 447 

nuf/; 6 - 6 ^ 514W ^^ 5 -3.4.7Hz),6.19(d4iy = l 7 T 
3.0 Hz), 6.39 (d, 1H, 7= 3.6 Hz), 6.95 (d, 1H). ' 

,9 F NMR (CD3OD): 5 -206.53 ( dt). 



15 



EKAMPIP.qs 



H<5 t)H 



20 



This compound was prepared following the procedures described in / 
ChenuSocPerkin Trans, i, 2375 (1989). ™ flffl/ - 



EXAMPT.FQfi 



4£3Z&gne 
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This compound was prepared following the procedures in Tetrahedron 
Lett. 28: 5107 (1987). 

5 EXAMPLE 97 

6-Amino-l-f2-Q-methvl- B-D-nto^ 



O 




H<5 6Me 

This compound was prepared in a manna- similar to the preparation of 
10 2-amino-7-(3-deoxy-3-fluoro-B-D-ribofuim^^ 
one (Example 23). 



EXAMPLE 98 



15 6^Amino-l-f 2-deoxv-B-D-ribofuranos 
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HO 



6-Amino-W3-denxy- 



EXAMPT.FOQ 
^-riboiuranosvn-lff-imiH a -7»M 



ridin-4tf/f). 



N 




NH 2 



10 



< 

H0 "Yy N 

Me OH 

1» ■ nr. j ThiSCOm P° undwas P^Pared in a manner sinnlar to the preparation of 
onX^ 



15 



6-Aminn.l. 
one 



BXAMPT.R inn 
L -2-fluoro-p-D-ribofaran^ 
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H<5 F 

This compound was prepared in a manner similar to the preparation of 
2-aimnc>-7-(3-deoxy-3-fluoro-f^D-ri^ 
one (Example 23). 

5 

EXAMPLE 101 

6-Amino-HB-D-arabinofur^ 

O 



HO 

10 A preparation of this compound is given in Eur. Pat. Appln. 43722 Al 

(1982). 

EXAMPLE 102 
15 2 > -Q-r2-fAr.Ar ^emvlaimnooxv)ethvn-5-methvluridine 
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ONEt 2 

In a 2 L stamless steel, unstined pressure reactor was added borane in 

lUHcaicainanoiJDath until an internal temperature of 160°r 

exdeme »„d, 0OTS used to remove to ethylene glyeol. Tn, msjdne was purified try 
He appropria,e tata, were eon.bir.ed, sriipped md Mti t0 ^ „ ^ * 

• MffidfMRweK ««'^wi'h99%pureproduet 
HMO (DMSO-*,: 8 u» (s. 9H), 1.45 (a, 3H), 3^,.! <m, 8HV. 25 (m 1 H> 
4.80 (, , H), 5.18 (d, 2H), 5.95 (d , , H>. 7.35-7.75 <m, 1, * * * 

methvluridiTift 

20 g, 36 98 mmol) was mixed with triphenylphosphine (11.63 g, 44.36 mil) and N 
hydroxyphthalimide (7 24 e 44 3fi mmn n n , J 

imae ^ g, 44.36 mmol). It was then dried over P 2 O s under hieh 

nff(369°8 1* T C ^ ^ "'— - i- -X 

TOP (369.8 mL was added * g« , dear soMo , ^ ^ £ 

mL. 44.36 mmol, was added dropwise te to reaeta mixrure. TV*, of addinon 
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was maintained such that resulting deep red coloration is just discharged before 
adding the next drop. After the addition was complete, the reaction was stirred for 4 
h. By that time TLC showed the completion of the reaction (ethyl acetate/hexane, 
60:40). The solvent was evaporated under vacuum. Residue obtained was placed on 
5 a flash, silica gel column and eluted with ethyl acetate-hexane (60:40) to give the title 
compound as a white foam (21 .8 g). 

J H NMR (DMSO-40: 8 11.32 (s, 1H), 7.82 (m, 4H), 7.6-7.65 (m, 5H), 7.34-7.46 (m, 
6H), 5.90 (d, 1H, / = 6Hz), 5.18 (d, J = 5.6 Hz), 4.31 (bs, 2H), 4.25 (m, 1H), 4.09 (t, 
1H, J = 5.6 Hz), 3.81-3.94 (m, 5H), 1.44 (s, 3H), 1.1 (s, 9H); 13 C NMR (CDC1 3 ): 8 
10 11.8, 19.40, 26.99, 62.62, 68.36, 68.56, 77.64, 83.04, 84.14, 87.50, 110^93, 123.59, 
127.86, 129.89, 132.45, 134.59, 134.89, 135.17, 150.50, 163.63, 163.97; MS [FAB] 
m/z684[M-H]'. 

Step_C: 5 , -Q-teyr-ButvIdiphenvlsilv1-2 VO-f2-faceta1doxiimnooxv^thvn- < >- 
15 methvluridine 

2 , -0-[2-(2-Phmalimidoxy)ethyl]-5 , -t-butyldiphenylsilyl-5- 
methyluridine (10 g, 14.6 mpol) was dissolved in CH 2 C1 2 (146 mL) and cooled to - 
10 °C in an isopropanol-dry ice bath. To this methylhydrazine (1.03 mL, 14.6 mmol) 
was added dropwise. Reaction mixture was stirred at -10 °C to 0 °C for 1 h. A white 

20 precipitate formed and was filtered and washed thoroughly with CH 2 C1 2 (ice cold). 
The filtrate was evaporated to dryness. Residue was dissolved in methanol (210 mL) 
and acetaldehyde (0.89 mL, 16 mmol) was added and stirred at room temperature for 
12 h. Solvent was removed in vacuo and residue was purified by silica gel column 
chromatography using and ethyl acetate/hexane (6:4) as solvent system to yield the 

25 title compound (4.64 g). 

! H NMR (DMSO-ds): 8 1.02(s,9H), 1.44 (s,3H), 1.69 (dd,3H, 7 = 5.6 Hz), 3.66 (m, 
1H), 3.76 (m, 2H), 3.94 (m, 2H), 4.05 (s, 2H), 4.15 (m, 1H), 4.22 (m, 1H), 5.18 (d, 

IH, /= 6.0 Hz), 5.9 (dd, 1H, /= 4.4 Hz), 7.36 (m, 1H), 7.40 (m, 7H), 7.63 (m, 5H), 

II. 38 (s, 1H), ,3 C NMR (CDC1 3 ): 8 11.84, 15.05, 19.38, 26.97, 63.02, 68.62, 70.26, 
30 71.98, 72.14, 82.72, 84.34, 87.02, 111.07, 127.89, 130.02, 134.98, 135.13, 135.42, 

147.85, 150.51, 164.12; HRMS (FAB) Calcd for C30H39N3O7 SiNa® 604.2455, found 
60 4.2471. 



StepD: 

35 



5 , -0-terf-Bu tvldiphenv1silvl-2^0-f2-fMA^diemvlarninooxv>ethvn-5- 
methvluridine 
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5'-0-tert-Butyldiphenylsilyl-2^0-[2KacetaIdoxiiiiinooxy)ethyI]-5- 
methyluridine (4.5 g, 7.74 mmol) was dissolved in 1M pyridiniump-toluenesulfonate 
(PPTS) in MeOH (77.4 mL). It was then cooled to 10 °C in an ice bath. To this 
mixture NaBH 3 CN (0.97 g, 15.5 mmol) was added and the mixture was stirred at 
5 10°C for 10 minutes. Reaction mixture was allowed to come to room temperature and 
stirred for 4h. Solvent was removed in vacuo to give an oil. Diluted the oil with ethyl 
acetate (100 mL), washed with water (75 mL), 5% NaHC0 3 (75 mL) and brine (75 
mL). The organic phase was dried over anhydrous Na 2 S0 4 and evaporated. Residue 
obtained was dissolved in 1M PPTS in MeOH (77.4 mL), acetaldehyde (0.48 mL 
10 8.52 mmol) was added and stirred at ambient temperature for 10 minutes. Then 
reaction mixture was cooled to 10 °C in an ice bath and NaBH 3 CN (0.97 g, 15.50 
mmol) was added and stirred at 10 °C for 10 minutes. Reaction mixture was allowed 
to come to room temperature and stirred for 4 h. Solvent was removed in vacuo to get 
an oil. The oil was dissolved in ethyl acetate (100 mL), washed with water (75 mL), 
15 5% NaHC0 3 (75 mL) and brine (75 mL). The organic phase was dried over 

anhydrous Na 2 S0 4 and evaporated to dryness. The residue obtained was purified by 
silica gel column chromatography and eluted with CH 2 Cl 2 /MeOH /NEt 3 , 94 : 5 : l to 
give tide compound (3.55 g) as a white foam 

'H NMR (DMSO-40: 5 0.95 (t, 6H, / = 7.2 Hz), 1.03 (s, 9H), 1.43 (s, 3H), 2.58 (q 
4H, J= 7.2 Hz), 3.59 (m, 1H), 3.73 (m, 3H), 3.81 (m, 1H), 3.88 (m, 1H), 3.96 (m, 
2H), 4.23 (m, 1H), 5.21 (d, 1H, J = 5.6 Hz), 5.95 (d, 1H, /= 6.4 Hz), 7.43 (m, 7H), 
7.76 (m, 4H), 11.39(s, 1H); ,3 C NMR (CDC1 3 ): 8 11.84, 19.35, 26.97, 52.27, 63.27 
68.81, 70.27, 72.27, 82.64, 84.47, 86.77, 111.04, 127.87, 130.01, 135.11, 135.41, 
141.32, 150.48, 164.04; HRMS (FAB), Calcd for Q^srWiCs® 744.2081, found 

HAA OA/n 



20 



25 744.2067. 



30 
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Ste P E: 2'-Q-r2-(jy.Ar^ e thvlainitinn xvWhvn-S-mqthvluridine 

A mixture of triethlyamine trihydrogenfluoride (4.39 mL 26.81 mmol) 
and triemylamine (1.87 mL 13.41 mmol) in THF (53.6 mL) was added to S'-O-tert- 
butylmphenylsayl-2'-0-[2-W;^ 

5.36 mmol). The reaction mixture was stirred at room temperature for 18 h. Solvent 
was removed in vacuo. The residue was placed on a silica gel column and eluted 
with CH 2 Cl 2 /MeOH/NEt 3 .89 : 10: 1, to yield the title compound (1.49 g). 
'H NMR (DMSO^): 6 0.97 (t, 6H. J = 7.2 Hz), 1 .75 (s, 3H), 2.58 (q, 4H, J = 7.2 
Hz), 3.55 (m, 4H), 3.66 (m, 2H), 3.83 (bs, 1H), 3.95 (t, 1H, /= 5.6 Hz), 4.11 (q, 1H, / 
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= 4.8 Hz and 5.6 Hz), 5.05 (d, 1H 7= 5.6 Hz), 5.87 (d, 1H, J = 6.0 Hz), 7.75 (s, 1H), 
11.31 (s, 1H); I3 C NMR (CDC1 3 ): 6 11.75, 12.27, 52.24, 61.31, 68.86, 70.19, 72.25, 
81.49, 85.10, 90.29, 110.60, 137.79, 150.57, 164.37; HRMS (FAB) Calcd for 
Ct6H28N 3 07 e 374.1927, found 374.1919. 

5 

EXAMPLE 103 
l'f2-C-MethvI-B-D-arabinofuranosvl'>uracil 



O 




\ UOH 

H<5 'Me 

1° This compouiid was prepared following die procedures described in 

Chem. Pharm. Bull 35: 2605 (1987). 

EXAMPLE 104 

15 5-Methvl-3 '-deoxvcvtidine 




This compound was prepared following the procedures described in Chem. 
Pharm. Bull. 30: 2223 (1982). 
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EXAMPLE 105 

2-Amino-2 , .Q-methv1ari<»iir> g ini. 



NH 2 



H<5 &Me 

This compound was obtained from commercial sources. 
EXAMPLE infi 

2'-Deoxv-2'-fluoroadenosim» 



NH 2 

J 



10 h6 "f 

This compound was obtained from commercial sources. 
EXAMPLE 107 

15 3'-Deoxv-3'-fluoroadenosine 
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NH 5 

N- 




F OH 

This compound was prepared following the procedures described in 
Nucleosides Nucleotides 10: 719 (1991). 

EXAMPLE 108 

3'-Deoxv-3'-methvladenosine 

NH 2 



H0 ^\!/ N 



Me OH 

This compound was prepared following the procedures described in /. 
10 Med Chem. 19: 1265 (1976). 

EXAMPLE 109 

2-Anuno-7-(2^ eoxv-B-D-ribofuranosvlV7g-pviTolor2.3^pvrimidine 

NH 2 



ho aW 




15 h6 
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This compound was prepared following the procedures described in /. 
Am. Chenu Soc. 106: 6379 (1984). 

EXAMPLE 110 

5 

4-Amino-7-(p-D-ar abinomranosvlV7g-pwolor2.3-/flp Yriniirtm>. 

NH 2 




HO 

This compound is described in U.S. Patent 4,439,604, which is incorporated 
by reference herein in its entirety. 
10 | 

EXAMPLE 111 
4-Amino-l-(3-deoxy-3-flnoro-B-D-rihn^ ^ 

NH 2 




H0 ~\!/ 

15 ™ s compound can be prepared readily by the similar method 

described for the preparation of Example 24 except the nucleobase is 3-deazaadenine. 

EXAMPLE 1 12 
20 4-Anun(>7-(p-D-ribofuranosviy7ff^ 
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H<5 t>H 



This compound was obtained from commercial sources. 
EXAMPLE 113 



5 

4-Annno-l-f3-deoxv-B-D-ribomranosv]Vlg-iimdazor4.5-c1pvridine 




This compound is described in Acta Crystallogr., Sect. C: Cryst. 
Struct. Commun. C43: 1790 (1987). 

10 

EXAMPLE 114 

4-Amino-l-f3^eoxv-3-me mvl-B-D-ribofuranosvlVlH-imidazor4.5-clDvridine 

NH 2 




Ml bH 
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The procedure described earlier for Example 23 is used to synthesize 
this example by reacting the appropriately substituted 3-C-methyl-sugar intermediate 
with a protected 3-deazaadenine derivative. 

5 EXAMPLE 1 1 5 

4-Amino-l-6-D-rihonirann S Yt-T ^nuda7.nf4 l S-r| PY riH,n g 

NH 2 

hS hn 

This compound was obtained from commercial sources 
10 » • 

'. EXAMPLE 116 
g-fa-C-Methvl-B-D-arahmofiiranosvnarienmP 

NH 2 

15 This compound is prepared rrom 4-amino-9-(3,5-bis-0-tert- 

butyidimemylsilyl-p^D-ervtrm)-pento 1992> 35> 

2283) by reaction with MeMgBr and deprotection as described in Example 61. 

EXAMPLE 117 

20 

4-Armno-7-(2-C^ftvl-P-n^^ 
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Ste P A: 3,5-Bis-0-(2.4-dichloroph envlmethv^ 
ribofuranose 

To diethyl ether (300 mL) at -78°C was slowly added EtMgBr (3.0 M, 
5 16.6 mL) and then dropwise the compound from Step B of Example 62 (4.80 g, 10.0 
mmol) in anhydrous Et 2 0 (100 mL). The reaction mixture was stirred at -78 °C for 15 
min, allowed to warm to -15°C and stirred for another 2 h, and then poured into a 
stirred mixture of water (300 mL) and Et 2 0 (600 mL). The organic phase was 
separated, dried (MgS0 4 ), and evaporated in vacuo. The crude product was purified 
10 on silica gel using ethyl acetke/hexane (1:2) as eluent. Fractions containing the 

product were pooled and evjiporated in vacuo to give the desired product (3.87 g) as a 
colorless oil. 

StepB: 4-Chloro-7-r 3.5-bis-Q-f2.4^chlorop he nvlmethvlV2-C-ethvl^D^ 

15 ribofuranosvn-7g-pvrrolor23^flpvrimidine 

To a solution of the compound from Step A (1.02 mg, 2.0 mmol) in 
dichloromethane (40 mL) was added HBr (5.7 M in acetic acid) (1.75 mL, 10.0 mmol) 
dropwise at 0°C. The resulting solution was stirred at rt for 2 h, evaporated in vacuo 
and co-evaporated twice from toluene (10 mL). The oily residue was dissolved in 

20 acetonitrile (10 mL) and added to a vigorously stirred mixture of 4-chloro-l//- 
pyirolo[2,3-d]pyrimidine (307 mg, 2.0 mmol), potassium hydroxide (337 mg, 6.0 
mmol) and tris[2-(2-methoxyethoxy)ethyl]amine (130 mg, 0.4 mmol) in acetonitrile 
(10 mL). The resulting mixture was stirred at room temperature overnight, and then 
poured into a stirred mixture of saturated ammonium chloride (100 mL) and ethyl 

25 acetate (100 mL). The organic layer was separated, washed with brine (100 mL), 
dried over MgS0 4 , filtered and evaporated in vacuo. The crude product was purified 
on silica gel using ethyl acetate/hexane (1:2) as eluent to give the desired product (307 
mg) as a colorless foam. 
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^EC: 4-Chloro-7-(2-C-ethvI-B-D-ribofi,n,n o S viV7/f-p vnT,lnp i ^ 
tflpyrimidine 

To a solution of the compound from Step B (307 mg, 0.45 mmol) in 
dichloromethane (8 mL) was added boron trichloride (1M in dichloromethane) (4 50 
mL, 4.50 mmol) at -78°C. The mixture was stirred at -78°C for Ih, then at -10«C for 
3h. The reaction was quenched by addition of methanol/dichloromethane (1-1) (10 
mL), stirred at -15°C for 30 min, and neutralized by addition of aqueous ammonium 
hydroxide. The mixture was evaporated in vacuo and the resulting oil purified on 
silica gel using methanol/dichloromethane (1 :9) as eluent. Fractions containing the 
product were pooled and evaporated in vacuo to give the desired product (112 mg) as 
a colorless foam. 6 

4-Aimno-7-(2-r.ethvl-B-D-riho fi , ra n^ V ^ ^ 3 
rflPVrimidine 

To the compound from Step C (50 mg, 0.16 mmol) was added 
saturated ammonia in methanol (4 mL). The mixture was stirred at 75°C for 72 h in a 
closed container, cooled ^evaporated in vacuo. The crude mixture was purified on 
silica gel using methanol/dichloromethane (1:9) as eluent. Fractions containing the 
product were pooled and evaporated in vacuo to give the desired product (29 mg) as a 
20 colorless powder. 

1H NMR (200 MHz, DMSO- rftf ): 5 0.52 (t, 3H), 1.02 (m, 2H), 4.01-3.24 (m, 6H), 
5.06 (m, 1H), 6.01 (s, IH), 6.51 (d, IH), 6.95 (s br, 2H), 6.70 (d, IH), 7 99 (s 1H) 
LC-MS: Found: 295.2 (M+H+); calc. for C13H18N4O4+H+: 295.14. 



15 



25 



EXAMPLE 11R 




OCX 

H0 ^V 0 N/ N N NH 2 

\__Imb 
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Ste P A ; 9-Aminn^. chIom-7-r3.5-bis-0.< , 2.4-dichlorophenvlmethv1)-2.r?- 
methvl-B-D-ribofiirannsvlV.7H-pvnolor2.3-<f1pvrimidine 
To an ice-cold solution of product from Step C of Example 62 (1.27 g, 
2.57 mmol) in CH 2 C1 2 (30 mL) was added HBr (5.7 M in acetic acid; 3 mL) dropwise. 
5 The reaction mixture was stirred at room temperature for 2 h, concentrated in vacuo 
and co-evaporated with toluene (2 x 15 mL). The resulting oil was dissolved in 
MeCN (15 mL) and added dropwise into a well-stirred mixture of 2-amino-4-chloro- 
7#-pyrrolo[2,3-d]pyrimidine [for preparation see Heterocvcles 35: 825 (1993)] (433 
mg, 2.57 mmol), KOH (85%, powdered) (0.51 g, 7.7 mmol), tris-[2-(2- 
10 methoxyethoxy)ethyl]amine (165 pL, 0.51 mmol) in acetonitrile (30 mL). The 
resulting mixture was stirred at rt for 1 h, filtered and evaporated. The residue was 
purified on a silica gel column using hexanes/EtOAc, 5/1, 3/1 and 2/1 as eluent to 
give the title compound as a colorless foam (0.65 g). 

15 StepB: 2-Aminc>-4-cMoro-7-f2-C-m e^^^ 
^pyrimidine > 

To a solution pf the product from Step A (630 mg, 1 .0 mmol) in 
CH 2 C1 2 (20 mL) at -78°C was added boron trichloride (1M in CH2CI2) (10 mL, 10 
mmol). The mixture was stirred at -78°C for 2 h, then at -20°C for 2.5 h. The reaction 

20 was quenched with CH 2 Cl 2 /MeOH (1:1) (10 mL), stirred at -20°C for 0.5 h, and 
neutralized at 0°C with aqueous ammonia. The solid was filtered, washed with 
GH 2 Cl2/MeOH (1:1) and the combined filtrate evaporated in vacuo. The residue was 
purified on a silica gel column with CH 2 Cl2/MeOH, 50/1 and 20/1 as eluent to give 
the title compound as a colorless foam (250 mg). 

25 ' 

Ste P C: 2-Anun()-7-f2-C-memvl-f^D-ribomranosvlV7g-pvrrolor2^- 
cnpvrimidin-4f3fl)-one 

A mixture of product from Step B (90 mg, 0.3 mmol) in aqueous 
NaOH (2N, 9 mL) was healed at reflux temperature for 5 h, then neutralized at 0°C 
30 with 2 N aqueous HC1 and evaporated to dryness. Purification on a silica gel column 
with CH 2 Cl 2 /MeOH, 5/1 as eluent afforded the title compound as a white solid (70 
mg). 

1H NMR (200 MHz, CD3OD): 8 0.86 (s, 3H), 3.79 (m 1H), 3.90-4.05 (m, 3H), 6.06 
(s, 1H), 6.42 (d, J= 3.7 Hz, 1H), 7.05 (d, J= 3.7 Hz, 1H). 

35 
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2-Amino-4-cyclc 
jflpvrimidine 



EXAMPLE 119 
l^no-7-(2-C-methv1-p-n-ri^^ nw iy 7w . rr ^ ; ^ 



HN 



-A 



OQ. 

H0 "A/ 0 n/ N NH 2 
\ _>Me 

pym>lo[2,3-rf]pynm,dme (Example 118, Step B) (21 mg, 0.07 mmol) fa 
cyclopropylanune (0.5 mL) was heated at 70»C for two days, then evaporated to an 
Mto andpurffiedonasilicagel column with CH 2 CfefcieqH, 20/1, as eluentto 
give the title compound as aiwhite solid (17 mg) 

lH) > 3.74-3.86(m,.lH),3.93^.03(m,2H),4.11(d,7=8.9H2,lH) 602(s iffi 
6.49 (d, J = 3.7 Hz, 1H), 7.00 (d, / « 3.7 Hz, 1H). 

EXAMPT .R 1 ?n 
3',5'-Bis-rO-(l-oxooctvin-9'-n.^ ethvlcvf;riinA 
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1 ,3-Dicyclohexylcarbodiimide (21 .48 g, 104 mmol) was dissolved in 
anhydrous dichloromethane (100 mL). To the solution was added octanoic acid (5.49 
mL, 34.5 mmol, made anhydrous by keeping over molecular sieves, 4 A° overnight at 
room temperature), and the resulting reaction mixture was stirred under argon 
5 atmosphere for 6 h. The white precipitate which formed was filtered, and the filtrate 
was concentrated under reduced pressure. The residue obtained was dissolved in 
anhydrous pyridine and added to N4.(4,4'-dimethoxytrityl)-2'-0-methylcytidine (0.43 
g, 0.77). DMAP (0.09 g, 0.77 mmol) was added and the resulting mixture was stirred 
at room temperature under argon atmosphere for 12 h. The solvent was removed 

10 under reduced pressure and the residue obtained was dissolved in ethyl acetate (100 
mL). The organic phase was washed with aqueous sodium bicarbonate (5 %, 50 mL), 
dried over anhydrous Na2S04 and concentrated under reduced pressure. The residue 
was purified by flash silica gel column chromatography and eluted with 5 % MeOH in 
dichloromethane. The product obtained was dissolved in a mixture of acetic acid: 

15 MeOH : H2O (20 mL 3 : 6 : 1). The resulting mixture was heated at 50°C for 24 h. 
The solvent was removed under reduced pressure. The residue obtained was purified 
by flash silica gel column chromatography and eluted with dichloromethane 
containing 0 to 5 % of MeOH to give the title compound (0.22 g). 
1H NMR (200 MHz, DMSO-d6) 5 0.83 (m, 6H), 1.23 (br s, 16H), 1 .51 (m, 4H), 2.33 

20 (m, 4H), 3.26 (s, 3H), 4.06 (t, J =5.2 Hz, 1H), 4.21 (m, 3H), 5.11 (t, J = 5.2Hz, 1H), 
5.75 (d, J = 7.4 Hz, 1H), 5.84 (d, J = 4.8 Hz, 1H), 7.26 (br s, 2H), 7.61 (d, J = 7.4 Hz, 
1H). 

MS (ES): m/z 510.3 [M + Hft HRMS (FAB) Calcd for C26H44N3O7: 510.3179; 
found 510.3170. 

25 

EXAMPLE 121 
4-Amino-l-f8-D- ribofuranosvlVlH-Dvrazolor3.4wflpvrimidinft 
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This compound was prepared following procedures described 
Nucleic Acids Res., 11: 871-872 (1983). 



m 



5 

2'C-Methvl-cY fiHin» 



EXAMPLE 122 



NH 2 

4, 



HO-A A f N "\ 
Me 



Hd '"OH 

This compound was prepared following procedures described in L. 
Beigelmanetal., Carboh Y d..Re.s . 166: 219-232 (1987) or X-Q Tang etal J Or* 
10 Chem. 64: 747-754 (1999).? " "ng,etal., LOrg, 

EXAMPLE m 

„ 4 -A^no-7-f2-r-mPthYl.p-n.nhofu r ano S vlV7^ p ^ ^ rlT j TTlif1i , 1 , g 
15 carbonitrile 




This compound was prepared following, procedures described by Y 
Mum et al. m Ifeteroc^cles 33: 391-404 (1992). 



20 
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EXAMPLE 124 

4-Amino-7^2-C-methv1-fl D-riboiuranosvl^^ 
carboxamide 



H 2 NOC 




\_pJie 

This compound was prepared following procedures described by Y. 
Murai et al. in Heterocvcles 33: 391-404 (1992). 



EXAMPLE 125 



10 

8-Aminoadenosine 



NH 2 

HO^\^Q^ N N 
H<5 t>H 

This compound was prepared following the procedure described in M. 
Ikehara and S. Yamada, Chem. Pharm. Bull. . 19: 104 (1971). 

EXAMPLE 126 

Mass Spectral C haracterization of Nucleoside 5'-Triphosphates 

20 Mass spectra of nucleoside 5'-triphosphates were determined as described in 

Example 87. Listed in the following table are the calculated and experimental masses 



-150- 



WO 02/057425 

PCT/US02/01531 



LExample 


Calculated 






507.0 


ouo.y | 


2 


525 0 




5 


537.0 


^^*7 n 1 


6 


539.0 


«o a 1 


7 


565.0 


a 1 


8 


547.0 




9 


550.0 


a 1 


10 


506.0 


CAC O I 


11 


536.0 


K1K O 1 


12 


536.0 


«0|C A 1 


43 


561.0 


CiCA A I 


14 


550.0 


^<a n 1 ' 


15 


524 0 


<0/f n 1 


16 


522 0 


COI ft 1 


1 17 • 


547.0 


C/f£ A I 


18 . 


536.0 


A 1 


20 


531.0 


COA O " 1 


21 


522.0 


522.0 1 


22 


536.0 


536.0 1 


23 


506.0 


506.1 


24 


524.0 


524.0 


25 


508.0 


508.0 1 


26 


508.0 


508.0 


27 


552.0 


552.0 


28 


506.0 


506.0 


29 


579.0 


578.9 j 


30 


582.0 


582.0 


31 


568.0 


567.9 1 
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32 


554.0 


553.9 


33 


540.0 


539.9 


34 


554.0 


553.9 


35 


568.0 


567 9 


36 


541.0 


541 0 


37 


565.0 


564 Q 


38 


542.0 


541 Q 


39 


554.0 


553 Q 


41 


481.0 


481 0 


! 42 


467.0 


467 0 


43 


485.0 


484.8 


46 


482.0 


482 0 


47 


486.0 


485 8 


48 


482.0 


482 0 


49 


554.0 


5540 


! 51 ' 


468.0 


468 1 

• VrtJ. X 


52 


521.0 


521 0 


53 


491.0 


491.2 


55 


584.9 


585 1 


56 


521.0 


521 2 


58 


506.0 


506 0 


I 61 


520.0 


51Q Q 


62 


520.0 


520 0 


63 


547.0 


5470 


64 


533.0 


533 0 


65 


549.0 


549 0 


67 


551.0 


551.0 


68 


515.0 


514.9 


69 


520.0 


520.1 


71 


490.0 


489.9 


89 


523.0 


522.9 


90 


521.0 


520.9 


91 


645.1 


645.0 ; 
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OA 


1 524.0 


523.9 


"5 


522.0 


521.8 


no 
ya 


536.0 


535.9 


CIA 

yy 


520.0 


520.0 


102 


613.1 


613.0 


] 103 


498.0 


497.9 


1U4 


481.0 


481.0 


105 


536.0 




106 


509.0 


508.9 


108 


505.0 


505.0 


112 


506.0 


506.1 . 


113 


490.0 


490.0 


117 


534.0 T 


534.0 


118 


536.0 


536.0 



EXAMPLF.1?7 

f4-Amino-7-(2-C-methv1-p.n.r;Kofu rannSY i V7 „. 1 
5 monophosp hate 



imidinel-5'- 



10 




HO-P-O-A Of 
H ° U-CH 3 

T ° C ° mPOUnd ^ St6p F ° f ^P 16 62 < 14 m g- 005 ""WO 
(Art fay corporation with pyridine and several times with toluene) was added 

tnmethyl phosphate (0.5 mL). The mixture was stirred, overnight in a sealed 

container. It was then cooled to 0°C and phosphorous oxychloride (0.0070 mL 0 075 

mmol) was added via a syringe. The mixture was stirred for 3 h at 0°C, then the ' 

reaction was quenched by addition of tetraethylammonium bicarbonate (TEAB) (1M) 
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(0.5 mL) and water (5 mL). The reaction mixture was purified and analyzed 
according to the procedure described in Example 87. 
Electron spray mass spectrum (ES-MS): Found: 359.2 (M-H+), calc. for 
Ci2H 17 N 4 07P- H*: 359.1. 

5 

EXAMPLE 128 

r4-Amino-7-(2-C-methyl-B-M 
diphosphate 




To the compound from Step F of Example 62 (56 mg, 0.20 mmol) 
(dried by coevaporation with pyridine and several times with toluene) was added 
trimethyl phosphate (stored over sieves) (1.0 mL). The mixture was stiired overnight 
in a sealed container. It was then cooled to 0°C and phosphorous oxychloride (0.023 

15 mL, 0.25 mmol) was added via a syringe. The mixture was stirred for 2 h at 0°C, then 
tributylamine (0.238 mL, 1.00 mmol) and tributylammonium phosphate (generated 
from phosphoric acid and tributylamine in pyridine, followed by repeated azeotropic 
evaporation with pyridine and acetonitrile) (1.0 mmol in 3.30 mL acetonitrile) was 
added. The mixture was stirred for an additional 30 min at 0°C, the sealed vial was 

20 then opened and the reaction quenched by addition of TEAB (1M) (1.0 mL) and water 
(5 mL). The reaction mixture was purified and analyzed according to the procedure 
described in Example 87. 

ES-MS: Found: 439.0 (M-H*), calc. for C 12 Hi8N4O 10 P r H*: 439.04. 
25 EXAMPLE 129 

r4-Amino-7-(2-C-m ethvl-B-D^ 
triphosphate 
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15 



f 9 ? UJ " 

HO-P-0-^ 0 -P-0-A,O vf N ^N^ 

HO HO HO \ / 

J— 4-CH 3 

H<5 \w 

T ° ^ C ° mPOUnd ^ St6p F ° f 62 ( 20 m & 0 07 mmol) 

(toed by coevaporation with pyridine and several times with toluene) was added 

tnmethyl phosphate (stored over sieves) (0.4 mL). The mixture was stirred overnight 
"-^<» * was then cooled to OX and phosphorous oxychlonde (0.0070 
mL, 0.075 mmol) was added via syringe. The mixture was stirred for 3 hat 0°C then 
*butylamme (0.083 ml. 0.35 mmol), tributylammonium pyrophosphate (0.35 mmol 
127 mg) and acetomtrile (stored over sieves) (0.25 mL) were added. The mixture w* 
stirred for an addmonal 30 min at 0°C, the sealed vial was then opened and the 
react™ quenched by additidn of TEAB (1M) (0.5 mL) and water (5 mL) Tne 

ES-MS: Found: 519.0 (M-H*), calc. for C 12 H 19 N 4 0 13 P 3 - IT: 519.01. 

EXAMPLE nn 



20 



Of T 

\-J-CH 3 

To the compound from Step E of Example 62 (59 mg, 0.18 mmol) was 
added aqueous sodium hydroxide (1M). The mixture was heated to reflux for Ihr 
cooled, neutralized with aqueous HC1 (2M) and evaporated in vacuo. Theresidue 
was purified on silica gel using dichloromethane/methanol (4:1) as eluent. Fractions 
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containing the product were pooled and evaporated in vacuo to give the desired 
product (53 mg) as a colorless oil. 

lH NMR (CD 3 CN): 8 0.70 (s, 3H), 3.34-4.15 (overlapping m, 7H), 6.16 (s, 1H), 6.57 
(d, 3.6 Hz, 1H), 7.37 (d, 3.6 Hz, 1H), 8.83 (s, 1H). 

EXAMPLE 131 

4-Amino-5-chloro-7-(2-C- memvl-B-D-ribnro^ 

CI NH 2 




10 To a pre-coofed solution (0°C) of the compound from Step F of 

Example 62 (140 mg, 030 mmol) in DMF (2.5 mL) was added iV-chloiosuccinimide 
(0.075 g, 0.55 mmol) in DMF (0.5 mL) dropwise. The solution was stirred at rt for lh 
and the reaction quenched by addition of methanol (4 mL) and evaporated in vacuo. 
The crude product was purified on silica gel using methanol/dichloromethane (1:9) as 

15 eluent. Fractions containing the product were pooled and evaporated in vacuo to give 
the desired product (55 mg) as a colorless solid. 

lH NMR (CD 3 CN): 8 0.80 (s, 3H), 3.65-4.14 (overlapping m, 7H), 5.97 (s br, 2H), 
6.17 (s, 1H), 7.51 (s, 1H), 8.16 (s, 1H). 

ES-MS: Found: 315.0 (M+H*), calcfor QjH^ClN^ + H*: 315.09. 



EXAMPLE 132 
4-Amino-5-bromo-7-(2-C- memvl-B-D-rihofu^ 
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\—f" CH 3 

H(5 't)H 

To a pre-cooled solution (0°C) of the compound from Step Fof 
Example 62 (28 mg, 0.10 mmol) in DMF (0.5 mL) was added iV-bromosuccinimide 
(0.018 g, 0.10 mmol) in DMF (0.5 mL) dropwise. The solution was stirred at 0°C for 
20 mm, then at rt for 10 min. The reaction was quenched by addition of methanol (4 
mL) and evaporated in vacuo. The crude product was purified on silica gel using 
methanoydichloromethane (1:9) as eluent. Fractions containing the product were 
pooled and evaporated in vacuo to give the desired product (13.0 mg) as a colorless 
solid. 

1H NMR (CD 3 CN): 5 0.69 (s, 3H) ? 3.46-4.00 (overlapping m, 7H), 5.83 (s br, 2H), 
6.06 (s, 1H), 7.45 (s, 1H), 8.05 (s, 1H). 

ES-MS: Found: 359.1 (M+JT), calaforC^BrN^+H*: 359.04. 

EXAMPLE ire 

2-Amino-7-f2-C-memvl-P -D- n ^ 



X_J>Me 



A mixture of 2-amino^luoro-7-(2-C-me%l-p.D-ribofuranosyl>7H- 
pyrrolo[2,3-rfJpyrimidine (Example 118, Step B) (20 mg, 0.07 mmol) in EtOH (1 0 
mL), pyridine (0.1 mL) and 10% Pd/C (6 mg) under H 2 (atmospheric pressure) was 
suned overnight at room temperature. The mixture was filtered through a Celite pad 
which was thorougly washed with EtOH. The combined filtrate was evaporated and 
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purified on a silica gel column with CH 2 Cl2/MeOH, 20/1 and 10/1, as eluent to give 
the title compound as a white solid (16 mg). 

1HNMR (200 MHz, CD3OD): 8 0.86 (s, 3H, 2'C-Me), 3.82 (dd, J yv = 3.6 Hz, J yx = 
12.7 Hz, 1H, H-5'), 3.9*4.03 (m, 2H, H-5', H-4'), 4.10 (d, J y4 . = 8.8 Hz, 1H, H-3'), 
5 6.02 (s, 1H, H-l •). 6.41 (d, / 5 .6 = 3.8 Hz, 1H, H-5), 7.39 (d, iH, H-6), 8.43 (s, 1H, H- 
4). ES MS: 281.4 (MH+). 



10 2-Ainino-5-methvl-7-(2-C.2- 0-dimemvU^ 
<flpvrimidin-4(3flVone 



Step A: 2-Anuno-4-c hloro-7-r3.5-bis-Q-f2.4-dichloroDhenvlmethvn-2-C- 
methvl-B-D-rib onn^osvll-S-memvl-7frpviTOlor2.3-<flpvriiTiidinft 

15 To an ice-cold solution of the product from Step C of Example 62 

(1.57 g, 3.16 mmol) in CH 2 C1 2 (50 mL) was added HBr (5.7 M in acetic acid; 3.3 mL) 
dropwise. The reaction mixture was stirred at 0°C for 1 h and then at room 
temperature for 2 h, concentrated in vacuo and co-evaporated with toluene (2 x 20 
mL). The resulting oil was dissolved in MeCN (20 mL) and added dropwise to a 

20 solution of the sodium salt of 2-aminc>-4-chloro-5-methyl-l^-pyrrolo[2,3- 

^pyrimidine in acetonitrile [generated in situ from 2-amino-4-chloro-5-methyl-l#- 
pyrolo[2,3-^pyrimidine [for preparation, see Liebies Ann. Chem . 1984: 708-721] 
(1.13 g, 6.2 mmol) in anhydrous acetonitrile (150 mL), and NaH (60% in mineral oil, 
248 mg, 6.2 mmol), after 2 h of vigorous stirring at rt]; The combined mixture was 

25 stirred at rt for 24 h and then evaporated to dryness. The residue was suspended in 
water (100 mL) and extracted with EtOAc (300 + 150 mL). The combined extracts 
were washed with brine (100 mL), dried over Na 2 S0 4 , filtered and evaporated. The 
crude product was purified on a silica gel column (5x7 cm) using ethyl 



EXAMPLE 134 




Me O 



OMe 
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acetate/hexane (0 to 30% EtOAc in 5% step gradient) as the eluent Fractions 
containing the product were combined and evaporated in vacuo to give the desired 
product (0.96 g) as a colorless foam. 

5 2-Arnino^hloro-7-r^A^ 
. dimeftyl-p-D-ribo furanosvn ^ 

To an ice-cold mixture of the product from Step A (475 mg, 0.7 mmol) 
in THF (7 mL) was added NaH (60% in mineral oil, 29 mg) and stirred at 0 °C for 0.5 
h. Then Mel (48 uL) was added and reaction mixture stirred at rt for 24 h. The 
reaction was quenched with MeOH and the mixture evaporated. The crude product 
was purified on a silica gel column (5 x 3.5 cm) using hexane/ethyl acetate (9/1,7/1, 
5/1 and 3/1) as eluent Fractions containing the product were combined and 
evaporated to give the desired compound (200 mg) as a colorless foam. 

P-D-rilMfurahosvll^^ 

A mixture ofthe product from Step B (200 mg, 0.3 mmol) in 1,4- 
dioxane (15 mL) and aqueous NaOH (2N, 15 mL) in a pressure bottle was heated 
overnight at 135 °C. The mixture was then cooled to 0 °C, neutralized with 2N 
aqueous HQ and evaporated to dryness. The crude product was suspended in MeOH, 
filtered, and the solid thoroughly washed with MeOH. The combined filtrate was 
concentrated, and the residue purified on a silica gel column (5x5 cm) using 
CH 2 Cl 2 /MeOH (40/1, 30/1 and 20/1) as eluent to give the desired compound (150 mg) 
as a colorless foam. 
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25 



30 



2-Amino-5-methvl-7-f2.C.2-0.^n,. thvl-B-D-rihnfi,r a nn g y i > -7 g . : 
PVrrolor2.3 -rflDvrimidin-4f3flVnnft 

A mixture of the product from Step C (64 mg, 0.1 mmol) in MeOH (5 
mL) and E t3 N (0.2 mL) and 10% Pd/C (24 mg). was hydrogenated on a Parr 
hydrogenator at 50 psi at r.t. for 1.5 days, then filtered through a Celite pad which was 
thoroughly washed with MeOH The combined filtrate was evaporated and the 
residue purified on a silica gel column (3x4 cm) with CH 2 Cl 2 /MeOH (30/1, 20/1) as 
eluent to yield 2-ammo-5-memyl-7-(5-0-benzy^ 

ribomranosyl>7H-pyrrolo[2,3-flpyrimimn-4(3^-one. The compound (37 mg) was 
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further hydrogenated in EtOH (2 mL) with 10% Pd/C and under atmospheric pressure 
of hydrogen. After stirring 2 days at r.t., the reaction mixture was filtered through 
Celite, the filtrate evaporated and the crude product purified on a silica gel column (1 
x 7 cm) with CH 2 Cl2/MeOH (30/1, 20/1 and 10/1) as eluent to yield the title 
compound (12 mg) after freeze-drying. 

1H NMR (200 MHz, CD 3 OD): 8 0.81 (s, 3H, 2'C-Me), 2.16 (d, /^.cs-Me = 1.3 Hz, 
3H C5-Me), 3.41 (s, 3H, 2'-OMe), 3.67 (dd, / 5 -4-= 3.4 Hz, J y ^ = 12.6 Hz, 1H, H-5'), 
3.81-3.91 (m, 3H, H-5", H-4', H-3'), 6.10 (s, 1H H-l'), 6.66 (d, 1H, H-6). 
ES MS: 323.3 (M-H) + . 



10 



EXAMPLE 135 

4-Amino-5-memyl-7-(2-C-me^ 

Me NH 2 




15 Step A: 4-CMoro-7-r3.5-bis-Q-(24^ 

ribofuranosvll-5-methvl-7^^ 

To an ice-cold solution of the product from Step C of Example 62 
(L06 g, 2.1 mmol) in CH 2 C1 2 (30 mL) was added HBr (5.7 M in acetic acid; 2.2 mL) 
dropwise. The reaction mixture was stirred at 0 °C for 1 h and then at room 

20 temperature for 2 h, concentrated in vacuo and co-evaporated with toluene (2x15 
mL). The resulting oil was dissolved in MeCN (10 mL) and added dropwise into a 
solution of the sodium salt of 4^hlom-5-methyl-l/^pyrrolo[2^-d]pyrimidine in 
acetonitrile [generated in situ from 4<hloro-5-methyl-lH-pyrrolo[23^pyrimidine 
[for preparation, see J. Med, Chem . 33: 1984 (1990)] (0.62 g, 3.7 mmol) in anhydrous 

25 acetonitrile (70 mL), and NaH (60% in mineral oil, 148 mg, 3.7 mmol), after 2 h of 
vigorous stirring at it]. The combined mixture was stirred at rt for 24 h and then 
evaporated to dryness. The residue was suspended in water (100 mL) and extracted 
with EtOAc (250 + 100 mL). The combined extracts were washed with brine (50 
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mL), dried over Na 2 S0 4 , filtered and evaporated. The crude product was purified on a 
silica gel column (5 x 5 cm) using hexane/ethyl acetate (9/1, 5/1, 3/1) gradient as- the 
eluent. Fractions containing the product were combined and evaporated in vacuo to 
give the desired product (0.87 g) as a colorless foam. 

^CMorc~5-memvl.7-f2-r- m efhv1.R. D.ribnfar a nn W iV 7^ pv ^..r^ 
tflpvrimidine * 

To a solution of the compound from Step A (0.87 g, 0.9 mmol) in 
dichloromethane (30 mL) at -78°C was added boron trichloride (1M in 
dichloromethane, 9.0 mL, 9.0 mmol) dropwise. The mixture was stirred at -78°C for 
2.5 h, then at -30°C to -20°C for 3 h. The reaction was quenched by addition of 
methanol/dichloromethane (1:1) (9 mL) and the resulting mixture stirred at -15°C for 
30 rnin., then neutralized with aqueous ammonia at 0°C and stirred at rt for 15 min 
The solid was filtered and washed with ClfeCl^eOH (1/1, 50 mL). The combined 
filtrate was evaporated, and the residue was purified on a silica gel column (5 x 5 cm) 
using CH 2 C1 2 and CH 2 Cl 2 /MeOH (40/1 and 30/1) gradient as the eluent to furnish the 
desired compound (0.22 g) as a colorless foam. 

4-Amino-5-merhvl-7-,^^ 
20 rflpvrimidine 

To the compound from Step B (0.2 g, 0.64 mmol) was added 
methanolic ammonia (saturated at 0°C; 40 mL). The mixture was heated in a stainless 
steel autoclave at 100°C for 14 h, then cooled and evaporated in vacuo. The crude 
mixture was purified on a silica gel column (5 x 5 cm) with ClfcCl^eOH (50/1, 
30/1, 20/1) gradient as eluent to give the title compound as a white solid (0 12 g) ' 
1H NMR (DMSO-4,): 5 0.60 (s, 3H, 2'C-Me), 2.26 (s, 3H, 5C-Me), 3.52-3.61 (m 
1H, H-5'), 3.70-3.88 (m, 3H, H-5", H-4\ H-3'), 5.00 (s, 1H, 2'-OH), 4.91-4.99 (m 
3H, 2'-OH, 3'-OH, 5'-OH), 6.04 (s, 1H, H-l'), 6.48 (br s, 2H, NH 2 ), 7.12 (s, 1H, H- 
6), 7.94 (s, 1H, H-2). ES MS: 295.2 (MET). 
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EXAMPLE 136 



4-Annno-7-(2.C-me&yl-|^ 
carboxvlic acid 
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The compound of Example 123 (0.035 g, 0.11 mmol) was dissolved in 



a mixture of aqueous ammonia (4 mL, 30 wt %) and saturated methanolic ammonia (2 
mL), and a solution of H2O2 in water (2 mL, 35 wt %) was added The reaction 
5 mixture was stirred at room temperature for 18 h. Solvent was removed under 
reduced pressure, and the residue obtained was purified by HPLC on a reverse phase 
column (Altech Altima C-18, lOx 299 mm, A = water, B = acetonitrile, 10 to 60 % B 
in 50 min, flow 2 mL/min) to yield the title compound (0.015 g, 41 %) as a white 



10 lH NMR (CD3OD): 8 0.85 (s, 3H, Me), 3.61 (m, 1H), 3.82 (m, 1H) 3.99-4.86 (m, 
2H), 6.26 (s, 1H), 8.10 (s, 2H) 8.22(s, 1H); 13 C NMR (CD 3 OD): 20.13, 61.37, 73.79, 
80.42, 84.01, 93.00, 102.66, 1 12.07, 130.07, 15 1.40, 152.74, 159.12, 169.30. 
HRMS (FAB) Calcd for CjHnN^A* 325.1148, found 325.1143. 



solid. 
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EXAMPLE 137 



4-Amino-7-(2-C-vinvl-B-D-ribofuranosvlW^ 




NH 2 



Step A: 



SJ-Bis-O- ^.^cMorophenvlmethyn^-C-vinvl-l-^-methvl-arD- 
ribofuranose 



20 



-162- 
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Cerium chloride heptahydrate (50 g, 134.2 mmol) was finely crushed 
in a pre-heated mortar and transferred to a round-bottom flask equipped with a 
mechanical stirrer. The flask was heated under high vacuum overnight at 160°C. The 
vacuum was released under argon and the flask was cooled to room temperature 
Anhydrous THF (300 mL) was cannulated into the flask. The resulting suspension 
was stirred at room temperature for 4 h and then cooled to -78 °C. Vinylmagnesium 
bromide (1M in THF, 120 mL, 120 mmol) was added and stirring continued at -78 °C 
for 2 h. To this suspension was added a solution of 3,5-bis-0-(2,4- 
dicWo ro phenylmemyl)-l-0-me^ (14 g 3Q 

mmol) [from Example 2, Step B] in anhydrous THF (100 mL), dropwise with 
constant stirring. The reaction was stirred at -78 °C for 4 h. The reaction was 
quenched with saturated ammonium chloride solution and allowed to come to room 
temperature. The mixture was filtered through a celite pad and the residue washed 
with Et 2 0 (2 x 500 mL). The organic layer was separated and the aqueous layer 
extracted with Et 2 0 (2 x 200 mL). The combined organic layers were dried over 
anhydrous Na 2 S0 4 and concentrated to a viscous yellow oil. The oil was purified by 
flash chromatography (SiO 2 ,;i0% EtOAc in hexanes). The title compound (6.7 g, 
13.2 mmol) was obtained as a pale yellow oil. 

20 4-CMoro-7-f3,5-his-0^2.4^i^^^ 

ribofuranosvn-7g-ovrTinlftp^ ^i DV ri m iHin ft ^™ 
To a solution of the compound from Step A (6.4 g, 12.6 mmol) in 
anhydrous dichloromethane (1 50 mL) at -20 °C was added HBr (30% solution in 
AcOH, 20 mL, 75.6 mmol) dropwise. The resulting solution was stirred between 
-10°C and 0°C for 4 h, evaporated in vacuo and co-evaporated with anhydrous 
toluene (3 x 40 mL). The oily residue was dissolved in anhydrous acetonitrile (100 
mL) and added to a solution of the sodium salt of 4-cMoro-lff-pyrrolo[2,3- 
flpyrirnidine (5.8 g, 37.8 mmol) in acetonitrile (generated in situ as described in 
Example 62) at -20 "C. The resulting mixture was allowed to come to room 
temperature and stirred at room temperature for 24 h. The mixture was then 
evaporated to dryness, taken up in water and extracted with EtOAc (2 x 300 mL). 
The combined extracts were dried over Na 2 S0 4 , filtered and evaporated. The crude 
mixture was purified by flash chromatography (SiO* 10% EtOAc in hexanes) and the 
title compound (1.75 g) isolated as a white foam. 
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StepC: ^Amino-T-r gj-bis-O-f^.a-dichlorophenvlmethyn^-C-vinvl-p-D. 

ribofuranQsvn-7g -Dvrm1nr2^-rflpyrimidine 

The compound from Step B (80, mg) was dissolved in the minimum 
amount of 1,4-dioxane and placed in a stainless steel bomb. The bomb was cooled to 
5 -78°C and liquid ammonia was added The bomb was sealed and heated at 90°C for 
24 h. The ammonia was allowed to evaporate and the residue concentrated to a white 
solid which was used in the next step without further purification. 

StepD: ^AminQ-T ^-C-vinvl-B-D-ribofuranosvlVTH-pviTnlnf l^- 

10 rflpyrimidine 

To a solution of the compound from Step C (60 mg) in 
dichloromethane at -78 °C was added boron trichloride (1M in dichloromethane) 
dropwise. The mixture was stirred at -78 °C for 2.5 h, then at -30 °C to -20 °C for 
3h. The reaction was quenched by addition of methanol/dichloromethane (1:1) and 

15 the resulting mixture stirred at -15 °C for 0.5 h, then neutralized with aqueous 

ammonia at 0°C and stirred Sit room temperature for 15 min. The solid was filtered 
and washed with methanol/dichloromethane (1:1). The combined filtrate was 
evaporated and the residue purified by flash chromatography (SiO* 10% methanol in 
EtOAc containing 0.1% triethylamine). The fractions containing the product were 

20 evaporated to give the title compound as a white solid (10 mg). 

1H NMR (DMSO-dfi): 6 3.6 (m, 1H, H-5'), 3.8 (m, 1H, H-5"), 3.9 (m d, 1-H, H-4'). 
4.3 (t, 1H, H-3'), 4.8-5.3(m, 6H, CH=CH 2 , 2'-OH, 3'-OH, 5'-OH) 6.12 (s, 1H, H-l*), 
6.59 (d, 1H, H-5), 7.1 (br s, 1H, NH2), 7.43 (d, 1H, H-6), 8.01 (s, 1H, H-2). 
ES-MS: Found: 291.1 (M-H); calc. for Q3H16N4O4 -ET: 291.2. 

25 

EXAMPLE 138 
4-Amino-7-(2-C-hvdroxvmethv1-f ^ 
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HO OH 



OH 



^BlA: 4-C h]oro-7-r3,5-bis-0-r2.4-rii>hloroDhenvlm ft th v l>-?-r- 
hydroxvmethvl-B-D-rihnfiiran ^^ 

To a solution of the compound from Example 137, Step B (300 mg, 
0.48 mmol) in 1,4-dioxane (5 mL) were added AT-methylmoipholine-iV-oxide (300 mg, 
2.56 mmol) and osmium tetroxide (4% solution in water, 0.3 mL). The mixture was ' 
stirred in the dark for 14 h. The precipitate was removed by filtration through a celite 
plug, diluted with water (3 x), and extracted with EtOAc. The EtOAc layer was dried 
over Na 2 S0 4 and concentrated in vacuo. The oily residue was taken up in 
dichloromethane (5 mL) and stirred over NaI0 4 on silica gel (3 g, 10% NaI0 4 ) for 12 
h. The silica gel was removed by filtration and the residue was evaporated and taken 
up in absolute ethanol (5 mL). The solution was cooled in an ice bath and sodium 
borohydride (300 mg, 8 mmol) was added in small portions. The resulting mixture 
was stirred at room temperature for 4 h and then diluted with EtOAc. The organic 
layer was washed with water (2 x 20 mL), brine (20 mL) and dried over Na 2 S0 4 . The 
solvent was evaporated and the residue purified by flash chromatography (Si0 2 , 2:1 
hexanes/EtOAc) to give the tide compound (160 mg, 0.25 mmol) as white flakes. 

^EB: 4-Aimno-7-r3.5-bis-0-f2.4-riir hloro^ 
hydroxYmemvl-p^D-rilxifiirann ^ 

The compound from Step A (150 mg, 0.23 mmol) was dissolved in the 
minimum amount of 1,4-dioxane (10 mL) and placed in a stainless steel bomb. The 
bomb was cooled to -78 °C and liquid ammonia was added. The bomb was sealed 
and heated at 90°C for 24 h. The ammonia was allowed to evaporate and the residue 
concentrated to a white solid which was used in the next step without further 
purification. 
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Step C: 4-Ammo-7-q-C-hv^ 
rflpyrimiriinft 

The compound from Step B (120 mg, 0.2 mmol) was dissolved in 1:1 
methanol/dichloromethane, 10% Pd-C was added, and the suspension stirred under an 
5 H2 atmosphere for 12 h. The catalyst was removed by filtration through a celite pad 
and washed with copious amounts of methanol. The combined filtrate was 
evaporated in vacuo and the residue was purified by flash chromatography (SiC>2, 10% 
methanol in EtOAc containing 0.1% triethylamine) to give the title compound (50 
mg) as a white powder. 
10 1HNMR (CD3OD): 5 3.12 (d, 1H, CH 2 '), 3.33 (d, 1H, CHz"), 3.82 (m, 1H, H-5'), 
3.99-4.1(m, 2H, H-4\ H-5"), 4.3 (d, 1H, H-3'), 6.2 (s, 1H, H-l'), 6.58 (d, 1H, H-5), 
7.45 (d, 1H, H-6), 8.05 (s, 1H, H-2). 

LC-MS: Found: 297.2 (M+H*); calc. for C12H16N4O5 + H*: 2973. 
15 EXAMPLE 139 

4-Ammo-7-(2-C-fluoromethyl-B-^ 




Step A: 4-Chloro-7-r3 .5-bis-Q-f2.4^cMoroDhenvlmethvlV2-C-fluorome^ 

20 B-D-ribofui^osvl1-7g-pvrrolor23-^Dvrii^ 

To a solution of the compound from Example 138, Step A (63 mg, 0.1 
mmol) in anhydrous dichloromethane (5 mL) under argon, were added 4- 
dimethylaminopyridine (DMAP) (2 mg, 0.015 mmol) and triethylamine (62 fiL, 0.45 
mmol). The solution was cooled in an ice bath and p-toluenesulfonyl chloride (30 

25 mg, 0.15 mmol) was added. The reaction was stirred at room temperature overnight, 
washed with NaHCCb (2 x 10 mL), water (10 mL), brine (10 mL), dried over Na 2 S0 4 
and concentrated to a pink solid in vacuo. The solid was dissolved in anhydrous THF 
(5 mL) and cooled in an icebath. Tetrabutylammonium fluoride (1M solution in THF, 
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1 mL, 1 mmol) was added and the mixture stirred at room temperature for 4 h. The 
solvent was removed in vacuo, the residue taken up in dichloromethane, and washed 
withNaHC0 3 (2x 10 mL), water (10 inL) and brme (10 mL). The dichloromethane 
layer was dried over anhydrous Na 2 S0 4 , concentrated in vacuo, and purified by flash 
chromatography (Si0 2 , 2:1 hexanes/EtOAc) to afford the title compound (20 mg) as i 
white solid. & 
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4-Aimno-7-r3,5-his-Q-f2.4^,rh1nmphenvl m ethvn-9-r-fln» m ^ Y , 
P-D-ribofnranosvl1-7ff-pvrrnl or2.3- < flp vrimiriinA 
The compound from Step A (18 mg, 0.03 mmol) was dissolved in the 
minimum amount of 1,4-dioxane and placed in a stainless steel bomb. The bomb was 
cooled to -78 °C and liquid ammonia was added. The bomb was sealed and heated at 
90 °C for 24 h. The ammonia was allowed to evaporate and the residue concentrated 
to a white solid which was used in the next step without further purification. 

4-Ammo-7-(2.C-fluo rome thv1^ 

rflpvriTTiiriinfti 

The compound from Step B (16 mg) was dissolved in 1:1 
methanol/dichloromethane, 10% Pd-C was added, and the suspension stirred under an 
H 2 atmosphere for 12 h. The catalyst was removed by filtration through a celite pad 
and washed with copious amounts of methanol. The combined filtrate was 
evaporated in vacuo and the residue was purified by flash chromatography (SiOj, 10% 
methanol in EtOAc containing 0.1% triethylamine) to give the title compound (8 mg) 
as a white powder. 

1H NMR (DMSO-de): 8 3.6-3.7 (m, 1H, H-5'), 3.8 - 4.3 (m, 5H, H-5", H-4\ H-3' 
CH 2 ) 5.12 (t, 1H, 5'-OH), 5.35 (d, 1H, 3'-OH), 5.48 (s, 1H, 2'-OH), 6.21 (s, 1H, H- 
1'), 6.52 (d, 1H, H-5), 6.98 (br s, 2H, NH2), 7.44 (d, 1 H, H-6), 8.02 (s, 1H, H-2) 
19p NMR (DMSO-d6): 8 -230^ (t). 

ES-MS: Found: 299.1 (M+If), calcfor C 12 H,5FN 4 04+ H*: 299.27. 

EXAMPLRS 140 nnH lil 
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4-Amino-7-(3^e oxv-2-^ 
and4-amino7-f3-denxv-2-^ 
pvrimidine 

NH 2 NH 2 

\ — Z.CH 3 V_i-OH 

^H 3 

Step A: 7-r2.5-Bis-0- ^/t.hirtv1Him ethvlsavlVB-D-ribofiuranb^l>7fy- 

pyrrolor2.3-gnpvrimidine and 7-r3.5-Bis-0-ftert-butvldimethvlsi1v1Vp- 
D-ribofiiran osvll-7g-pvrrolor2.3-J1py riniidine 
To a stirred solution of tubercidin (5.0 g, 18.7 mmol) in a mixture of 
pyridine (7.5 mL) and DMF|(18.5 mL) was added silver nitrate (6.36 g, 38.8 mmol). 
This mixture was stirred at room temperature for 2 h. It was cooled in an ice bath and 
THF (37.4 mL) and rert-butyldimethylsilyl chloride (5.6 g, 37 mmol) was added and 
the mixture was stirred at room temperature for 2 h. The mixture was then filtered 
through a pad of celite and washed with THF. The filtrate and washings were diluted 
with ether containing a small amount of chloroform. The organic layer was washed 
15 successively with sodium bicarbonate and water (3 x 50 mL), dried over anhydrous 
sodium sulfate and concentrated. The pyridine was removed by coevaporation with 
toluene and the residue was purified by flash chromatography on silica gel using 5-7% 
MeOH in CH 2 C1 2 as the eluent; yield 3.0 g. 

20 Step B: 7-r2.5-Bis-Q-(tert-butvlmmeftvls^ 

memoxvphenvlbhenvlmemvllamino-7g-pvnx)lor23-^pyrimidmeand 

7-r3.5-bis-Q-ftert-butvldimemvlsiM^^ 

methoxvphenvnp henvlmeAvllamm^ 

To a solution of mixture of the compounds from Step A (3.0 g, 6.0 
25 mmol) in anhydrous pyridine (30 mL) was added 4,4'-dimethoxytrityl chloride (2.8 g, 
8.2 mmol) and the reaction mixture was stirred at room temperature overnight The 
mixture was then triturated with aqueous pyridine and extracted with ether. The 
organic layer was washed with water, dried over anhydrous sodium sulfate and 
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concentrated to a yellow foam (5.6 g). The residue was purified by flash 
chromatography over silica gel using 20-25% EtOAc in hexanes as the eluent The 
appropriate fractions were collected and concentrated to furnish 2^'-0-bis-0-(te rt - 
butyldimethylsilyl)- and 3',5'-bis-0-( terf -butyldimethylsilyl) protected nucleosides as 
5 colorless foams (2.2 g and 1.0 g, respectively). 

^rdi-f^methoxvphenvDphenvlmethvnami no-Vg-nvrmlnf ?,^ 
</lpvrimidine 



10 



15 



To an ice-cooled solution of 2\5^bis-0-(tert-butyldimethylsilyl> 
protected nucleoside from Step B (2.0 g, 2.5 mmol) in pyridine (22 mL) was added p- 
toluenesulfonyl chloride (1.9 g, 9.8 mmol). The reaction mixture was stirred at room 
temperature for four days. It was then triturated with aqueous pyridine (50%, 10 mL) 
and extracted with ether (3 x 50 mL) containing a small amount of dhCl 2 (10 mL) 
The organic layer was washed with sodium bicarbonate and water (3 x 30 mL) The 
organic layer was dried overtanhydrous Na 2 S0 4 and concentrated. Pyridine was 
removed by co-evaporation with toluene (3 x 25 mL). The residual oil was filtered 
through a pad of silica gel using hexane:ethyl acetate (70:30) as eluent; yield 1.4 g. 

20 4-rdi-(4-methoxvnhenvnnh ft nv1^t hvl1 am inn-7.n.O.^ ,1.p_n 
ribofuranosvl-TH-pvrrnlnr^^-^pvrimiriin,. 
A solution of the compound from Step C (1.0 g, 1.1 mmol) and THF 
(10 mL) was stirred with tetrabutylammonium fluoride (1M solution in THF, 2.5 mL) 
for0.5h. The mixture was cooled and diluted with ether (50 mL). The solution was 
washed with water (3 x 50 mL), dried over anhydrous Na 2 S0 4 . and concentrated to an 
oil. The residue was purified by passing through a pad of silica gel using hexane: 
ethyl acetate (1:1) as eluent; yield 780 mg. 



25 



30 



35 



4-Ammo-7-f3-dpmv-2-f?.m^^ 

d\- pvrimidine and 4-aTninn -7-f3-denx Y ^-C-methv1-p-n- 

arabinofuranosvlV7g-pvrml o-r2.3-rflp vrimiriin P 

A solution of CHaMgl (3.0 M solution in ether, 3.0 mL) in anhydrous 
toluene (3.75 mL) was cooled in an ice bath. To this was added a solution of 
thecompound from Step D (500 mg, 0.8 mmol) in anhydrous toluene (3.7 mL). The 
resulting mixture was stirred at room temperature for 3.5 h; It was cooled and treated 
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with aqueous NH4CI solution and extracted with ether (50 mL containing 10 mL of 
CH2CI2). The organic layer was separated and washed with brine (2 x 30 mL) and 
water (2 x 25 mL), dried over anhydrous Na 2 SOt and concentrated to an oil which 
was purified by flash chromatography on silica gel using 4% MeOH in CH 2 C1 2 to 
5 furnish the 2-C-a-methyl compound (149 mg) and the 2-C-P-methyl compound (34 
mg). These derivatives were separately treated with 80% acetic acid and the reaction 
mixture stirred at room temperature for 2.5 h. The acetic acid was removed by 
repeated co-evaporation with ethanol and toluene. The residue was partitioned 
between chloroform and water. The aqueous layer was washed with chloroform and 
10 concentrated. The evaporated residue was purified on silica gel using 5-10% MeOH 
in CH2CI2 as the eluent to furnish the desired compounds as white solids. 
4-Amino-7-(3-deoxv-2-C-memvl-B-D-ri to 
(9.0 mg): 

1H NMR (DMSO-dfi): 5 0.74 (s, 3H, CH 3 ), 1.77 (dd, 1H, H-3'), 2.08 (t, 1H, H-3"), 
15 3.59 (m, 1H, H-5'), 3.73 (m> 1H, H-5"), 4.15 (m, 1H, H-4'), 5.02 (t, 1H, OH-5'), 5.33 
(s, 1H, OH-2'), 6.00 (s, 1H, k-1'), 6.54 (d, 1H, H-7), 6.95 (br s, 2H, NH 2 ), 7.47 (d, 
1H, H-8), 8.00 (s, 1H, H-2); ES-MS: 263.1 [M-H]. 
4-Aimno-7-G-deoXv- 2-C-memvl-^ 



20 1H NMR (DMSO-<l6): 6 1.23 (s, 3H, CH 3 ), 2.08 (ddd, 2H, H-3'and 3"), 3.57 (m, 2H. 
H-5'and 5"), 4.06 (m, 1H, H-4), 5.10 (s, 1H OH-2'), 5.24 (t, 1H, OH-5'), 6.01 (s, 1H, 
H-l'), 6.49 (d, 1H, H-7),6.89 (br s, 2H, NH 2 ), 7.35 (d, 1H H-8), 8.01 (s,lH,H-2). 
ES-MS: 265.2[M+H]. 



4-Amino-7-(2.4-rwiima mvl-B-D-ribofuranosvlV7g-pviTolor2.3-^pv^ 

NH 2 



(15 mg): 



25 



EXAMPLE 142 
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25 



30 



5-De0XV-l,?-^-lS0Dropv1,^n < »- r).xvl O fi ira nn^ 

1,2-O-kopropyIidene-D-xylofuranose (38.4 g, 0.2 mol) 4- 
dimethylaminopyridine (5 g), triemylamine (55.7 mL, 0.4 mol) were dissolved in 
Achloromethane (300 mL). p-Toluenesulfonyl chloride (38.13 g, 0.2 mol) was added 
and the reaction mixture was stirred at room temperature for 2 h. The reaction 
mixture was then poured into saturated aqueous sodium bicarbonate (500 mL) and the 
two layers were separated.. The organic layer was washed with aqueous citric acid 
solution (20%, 200 mL), dried (Na 2 S0 4 ) and evaporated to give a solid (70.0 g) The 
solid was dissolved in dry THF (300 mL) and LiAlH, (16.0 g, 0.42 mol) was addedin 
porUonsoverSOmin. The mixture was stirred at room temperature for 15 h. Ethyl 
acetate (100 mL) was added dropwise over 30 min and the mixture was filtered 
through a silica gel bed. The filtrate was concentrated and the resulting oil was 
chromatographed on silica gel (EtOAc/hexane 1/4) to afford the product as a solid 
(32.5 g). 

Sfi3L§I 3,5-Bi S -a(2.^dichlomp h^Y^ ^vlVl^-mPth Y 1^ meth vi^.n. 
ribofuranose 

Chromium oxide (50 g, 0.5 mol), acetic anhydride (50 mL, 0.53 mol) 
and pyridine (100 mL, 1.24 mol) were added to dichloromethane (1 L) in an ice water 
bath and the mixture was stirred for 15 min. 5-Deoxy-l,2-0-isopropylidene-D- 
xylofuranose (32 g, 0.18 mol) in dichloromethane (200 mL) was added, and the 
mixture was stirred at the same temperature for 30 min. The reaction solution was 
diluted with ethyl acetate (1 L) and filtered through a silica gel bed. The filtrate was 
concentrated to give a yellow oil. The oil was dissolved in 1,4-dioxane (1 L) and 
formaldehyde (37%, 200 mL). The solution was cooled to 0*C and solid KOH (50 g) 
was added. The mixture was stirred at room temperature overnight and was then 
extracted with ethyl acetate (6 x 200 mL). After concentration, the residue was 
chromatographed on silica gel (EtOAc) to afford the product as an oil (1.5 g). The oil 
was dissolved in l-methyl-2-pyrrolidinone (20 mL) and 2,4-dichlorophenylnrcthyl 
chlonde (4 g, 20.5 mmol) and NaH (60%, 0.8 g) were added. The mixture was stirred 
overnight and diluted with toluene (100 mL). The mixture was then washed with 
saturated aqueous sodium bicarbonate (3 x 50 mL), dried (Na 2 S0 4 ) and evaporated. 
The residue was dissolved in methanol (50 mL) and HC1 in dioxane (4 M, 2 mL) was 
added. The solution was stirred overnight and evaporated. The residue was 
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chromatographed on silica gel (EtOAc/hexane:l/4) to afford the desired product as an 
oil (2.01 g). 

StepC: S^-Bis-O-tt^-dichloroph envlmethylVS^^ 
5 D-ribofuranose 

The product (2.0 g, 4.0 mmol) firom Step B and Dess-Martin 
periodinane (2.0 g) in dichloromethane (30 mL) were stirred overnight at room 
temperature and was then concentrated under reduced pressure. The residue was 
triturated with ether ether (50 mL) and filtered. The filtrate was washed with a 

10 solution of Na 2 S 2 03.5H20 (2.5 g) in saturated aqueous sodium bicarbonate solution 
(50 mL), dried (MgS04), filtered and evaporated. The residue was dissolved in 
anhydrous Et20 (20 mL) and was added dropwise to a solution of MeMgBr in Et20 (3 
M, 10 mL) at -78 °C. The reaction mixture was allowed to warm to -30°C and stirred 
at -30°C to -15°C for 5 h, then poured into saturated aqueous ammonium chloride (50 

15 mL). The two layers were separated and the organic layer was dried (MgS0 4 ), filtered 
and concentrated. The residue was chromatographed on silica gel (EtOAc/hexane: 
1/9) to afford the title compound as a syrup (1.40 g). 

StepD: 4-Chloro-7-r3.5-bis-Q-(2.4^ ichlor^^^ 

20 D-riboftofflosvll-7ff-pv^ 

To the compound from Step C (0.70 g, 1.3 mmol) was added HBr (5.7 
M in acetic acid, 2 mL). The resulting solution was stirred at room temperature for 1 
h, evaporated in vacuo and co-evaporated with anhydrous toluene (3 X 10 mL). 
4^Woro-7H-pynolo[2,3-^pyrimidine (0.5 g, 3.3 mmol) and powdered KOH (85%, 

25 150 mg, 2.3 mmol) were stirred in l-methyl-2-pyrrolidinone (5 mL) for 30 min and 
the mixture was co-evaporated with toluene (10 mL). The resulting solution was 
poured into the above bromo sugar residue and the mixture was stirred overnight. 
The mixture was diluted with toluene (50 mL), washed with water (3 x 50 mL) and 
concentrated under reduced pressure. The residue was chromatographed on silica gel 

30 eluting with (EtOAc/ Hexane 15/85) to afford a solid (270 m g). 

StepE: 4-Amino-7-(2.4-di-C-methvl-B-D-ri 
rflpvrimidine 
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The compound from Step D (270 mg) was dissolved in dioxane (2 mL) 
and liquid ammonia (20 g) was added in a stainless steel autoclave. The mixture was 
heated at 100°C for 15 h, then cooled and evaporated. The residue was 
chromatographed on silica gel (EtOAc) to afford a solid (200 mg). The solid (150 
mg) and Pd/C (10% 150 mg) in methanol (20 mL) were shaken under H 2 (30 psi) for 
3 h, filtered and evaporated. The residue was chromatographed on silica gel 
(MeOH/CH 2 Cl 2 : 1/9) to afford the desired product as a solid (35 mg) 
1H NMR (DMSO-dj: 8 0.65 (s, 3H), 1.18 (s, 3H), 3.43 (m, 2H), 4.06 (d, 1H, 76 3 
Hz), 4.87 (s, 1H), 5.26 (br, 1H), 5.08 (d, 1H, / 6.3 Hz), 5.25 (t, 1H, 7 3.0 Hz) 6 17 (s 
1H), 6.54 (d, 1H, 73.5 Hz), 6.97 (s, br, 2H), 7.54 (d, 1H, 73.4 Hz), 8.02 (s 1H) ' 
13C NMR (DMSO-dJ: 8 18.19, 21.32, 65.38, 73.00, 79.33, 84.80, 90.66 99 09 
102.41,121.90,149.58,151.48,157.38. ' ' ' 

LC-MS: Found: 295.1 (M+H*); calculated for GsHhN^H*: 295.1 

15 * EXAMPLE 143 

</lPvrimidine 



10 



25 




t)H 



20 5IS ^ 3-Deoxy-3-f1uonvl-0- me thvi. < ;.n.t»^ ovl ^. n . n h nfim>noga 

1,2-O-IsopropyUdene-D-xylofuranose (9.0 g, 50 mmol) andp-toluoyl 
chlonde (7.0 mL, 50 mmol) in pyridine (50 mL) were stirred for 30 min. Water (10 
mL) was added and the mixture was concentrated under reduced pressure. The 
residue was dissolved in toluene (500 mL) and the solution was washed with water 
(200 mL) and saturated aqueous sodium bicarbonate (200 mL). The two layers were 
separated and the organic layer was evaporated. The residue was dissolved in 
methanol (100 mL) and HC1 in dioxane (4 M, 10 mL) was added. The mixture was 
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stirred at room temperature overnight and was then evaporated under reduced 
pressure. The resulting oil was chnomatographed on silica gel (EtOAc/hexane: 1/1) to 
afford an oil (10.1 g). The oil was dissolved in dichloromethane (100 mL) and 
diethylaminosulfur trifluoride (DAST) (5.7 mL) was added. The mixture was stirred 
5 overnight and was then poured into saturated aqueous sodium bicarbonate solution 
(100 mL). The mixture was extracted with toluene (2 x 50 mL) and the combined 
organic layers were concentrated. The residue was chromatographed on silica gel 
(EtOAc/hexane: 15/85) to afford the title compound as an oil (1.50 g). 

10 StepB: 3-Deoxy-3-fluoro-2-C-methvM^ 
ribofuranose 

The product from Step A (1 .0 g, 3.5 mmol) and Dess-Martin 
periodinane (2.5 g) in dichloromethane (20 mL) were stirred overnight at room 
temperature and was then concentrated under reduced pressure. The residue was 

15 triturated with diethyl ether (50 mL) and filtered. The filtrate was washed with a 
solution of Na 2 S 2 03.5H 2 0 (tl.5 g) in saturated aqueous sodium bicarbonate (100 
mL), dried QAgSO*), filtered and evaporated. Hie residue was dissolved in anhydrous 
THF (50 mL). TiCU (3 mL) and methyl magnesium bromide in ethyl ether (3 M, 10 
mL) were added at -78°C and the mixture was stirred at -50 to -30°C for 2 h. The 

20 mixture was poured into saturated aqueous sodium bicarbonate solution (100 mL) and 
filtered through Celite. The filtrate was extracted with toluene (100 mL) and 
evaporated. The residue was chromatographed on silica gel (EtOAc/hexane: 15/85) to 
afford the title compound as an oil (150 mg). 

25 Step C: 4-Amino-7-(3-deoxv-3-fluoro-2^ 
pvnx>lor2.3-rflpyrimidine 

The product from Step B (150 mg, 0.5 mmol) was dissolved in HBr 
(30%) in acetic acid (2 mL). After one hour, the mixture was evaporated under 
reduced pressure and co-evaporated with toluene (10 mL). 4-Chloro-ii/-pyrrolo[2,3- 
30 d]pyrimidine (0.5 g, 3.3 mmol) and powdered KOH (85%, 150 mg, 2.3 mmol) were 
stirred in DMF (3 mL) for 30 min and the mixture was co-evaporated with toluene (2 
mL). The resujting solution was poured into the above bromo sugar and the mixture 
was stirred overnight The mixture was diluted with toluene (50 mL), washed with 
water (3 x 50 mL) and concentrated under reduced pressure. The residue was 
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chromatographed on silica gel (EtOAc/hexane 15/85) to afford an oil (60 mg). The 
oil was dissolved in dioxane (2 mL) and liquid ammonia (20 g) was added in a 
stainless steel autoclave. The mixture was heated at 85°C for 18 h, then cooled and 
evaporated. The residue was chromatographed on silica gel 
5 (methanol/dichloromethane: 1/9) to afford the title compound as a solid (29 mg) 
1H NMR (DMSO-^: 8 0.81 (s, 3H), 3.75 (m, 2H), 4.16 (m, 1H), 5.09 (dd, 1H, J 
53.2, 7.8 Hz), 5.26 (br, 1H), 5.77 (s, 1H), 6.15 (d, 1H, 72.9 Hz), 6.59 (d, 1H J 3 4 
Hz), 7.02 (s br, 2H), 7.39 (d, 1H, J 3.4 Hz), 8.06 (s, 1H). 
13C NMR (DMSO-4,): 19.40, 59.56, 77.24, 79.29, 90.15, 91.92, 99.88, 102 39 
10 121.17,149.80,151.77,157.47. ' ' 

19F NMR (DMSO-dy: 5 14.66 (m). 

ES-MS: Found: 283.1 (M+H*); calculated for CaHwF^Oj+H* : 283.1. 



15 



EXAMPLF. 144. 

S-Amino^'-C -methvladftn^in^ 



H 2 N-^ 

\ UCH 

H6 t>H 




Ste P A: 8-Bromo-2'-r-methv1artft n nsin P 

To a solution of 2'-C-methyladenosine [for preparation, see J.Med. 

20 Chem. 41: 1708 (1998)] (138 mg, 0.5 mmol) in DMF (4 mL) was added N- 

bromosucdnimide (231 mg, 1.35 mmol). The solution was stirred protected from 
light at rt for 2 d and then evaporated in vacuo. The crude product was purified on a 
silica gel column (3 x 9 cm) using dichloromethane/methanol (25/1, 20/1 and 15/1) as 
eluent Fractions containing the product were pooled and evaporated in vacuo to give 

25 the desired product (38 mg) as a white solid. 

StepB: S-Amino^'-r-methvlariftnnsin^ 



-175- 



WO 02/057425 PCT7US02/01531 



A solution of the compound from Step A (38 mg, 0.11 mmol) in liquid 
ammonia (10 mL) was heated in a stainless steel autoclave at 105 °C for 1 d, then 
cooled and evaporated The residue was purified by HPLC [C-18 Phenomenex Luna 
(10 n; 250 x 21.2 mm) RP-column; solvents: (A) water, (B) acetonitrile; Linear 
5 gradient: 2-35% B in 76 min.] to yield the title compound (12 mg) as a white fluffy 
material after freeze-drying. 

! H NMR (DMSO-40: 8 0.70 (s, 3H, Me), 3.55-3.75 (m, 3H, H-5\ H-5'\ H-4'). 4.03 
(m, 1H, H-3*), 4.81 (s, 1H, 2*-OH), 5.10 (d, 1H, 3*-OH), 5.45 (t, 1H, 5'-OH), 5.86 (s, 
1H, H-l '), 6.30, 6.39 (2s, 6H, 2 NH 2 ), 7.78 (s, 1H, H-2). 
10 ES-MS: Found: 295.0 (M-HT). 

EXAMPLE 1 45 

4-Amino-7-(2-C.2-Q-dimethvl- B^ 




H0 "V°v 

15 HCf 'bcH 3 

Step A: 4-cMoro-7-r3.5-bis-Q-(2.4^ 

B-D-ribofuranosvl1>7fl r -Dvrro lor2.3-rf]Dvrimidine 
To a pre-cooled (0°C) solution of the compound from Example 62, 
Step D (618 mg, 1.0 mmol) in THF (8 mL) was added methyl iodide (709 mg, 5.0 

20 mmol) and NaH (60% in mineral oil) (44 mg, LI mmol). The resulting mixture was 
stirred overnight at rt and then poured into a stirred mixture of saturated aqueous 
ammonium chloride (50 mL) and dichloromethane (50 mL). The organic layer was 
washed with water (50 mL), dried (MgS04) and evaporated in vacuo . The resulting 
crude product was purified on silica gel using ethyl acetate/hexane as the eluent. 

25 Fractions containing the product were pooled and evaporated in vacuo to give the 
desired product (735 mg) as a colorless foam. 
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^D-ribofurano SY l 1 .7^ T roiop ^rimjduie 

To the compound from Step A (735 mg, 1.16 mmol) was added 

methanols ammonia (saturated at 0°C) (20 mL). The mixture was heated in a 
5 stainless steel autoclave at 80°C overnight, then cooled and the content evaporated in 

vjcuo. The crude mixture was purified on silica gel using ethyl acetate/hexane as thl 

eluent. Fractions containing the product were pooled and evaporated in vacuo to give 

the desired product (504 mg) as colorless foam. 

10 4-amino-7-(7,r 7-0-di me thv.. f Ln. r ;^ nosvlV7w , r vrm ,. p , 

rflpvrimirimp 

n _ XT/no AmiXtUIBOf Ae ^ duct 610111 Step C (64 mg, 0.1 mmol), MeOH (5 
rnL) Et 3 N (0.2 mL) and 10% Pd/C (61 mg) was hydrogenated on a Parr hydrogenator 
at 50 PS1 at room temperature overnight The mixture was filtered throught celite 
evaporated inyacuo and filtered through a pad of silica gel using 2% methanol in' 
drchloromethane as eluent. The desired product was collected and evaporated m 
vacuo. The compound was redissolved in methanol (10 mL) and 10% Pd/C (61 mg) 
was added. The mixture was hydrogenated on a Parr hydrogenator at 55 psi at room 
temperature for two weeks. The mixture was filtered through celite, evaporated in 
mm and purified on silica gel using 10% methanol in dichloromethane as eluent 
Fractions containing the product were pooled and evaporated in vacuo to give the 
desired product (1 10 mg) as a colorless foam 

1H NMR (DMSO-*): 5 0.68 (s, 3H,), 3.40 (s, 3H), 3.52-3.99 (overlapping m, 4H), 
25 ™£^™*^^^™*W**WM£m^ 
LC-MS: Found: 293.1 (M-H+); calc. for C12H16N4O4-H+: 293.12. 
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X_J>CH 3 



The compound from Step E of Example 62 (200 mg, 0.67 mmol) was 
added to methylamine (5 mL condensed in a small stainless steel autoclave) and 
wanned at 85°C for 48 h, then cooled and evaporated in vacuo . The crude mixture 
5 was purified on a silica gel with ethanol as the eluent to give the title compound 
which separated as an amorphous solid after treatment with MeCN. The amorphous 
solid was dissolved in water and lyophilized to give a colorless powder (144 mg). 
lH NMR (DMSO-4s): 8 0.63 (s, 3H, CH 3 ), 3.32 (s, 3H, N CH 3 ), 3.58-3.67 (m, 1H, H- 
5'), 3.79-3.39 (m, 3H, H-5",,H-4\ H-3'), 5.03 (s, 1H, 2'-OH), 5.04-5.11 (W-OH, 
10 1H, 5'OH), 6.14 (s, 1H, H-i'), 6.58 (d, 1H, J SjS = 3.6 Hz, H-5), 7.46 (d, 1H, H-6), 
7.70 (br s, 1H, NH), 8.14 (s, 1H, H-2). 

LC-MS: Found: 295.1 (M-H+); calc. for C13H18N4O4+H+: 294.3. 



EXAMPLE 147 

4-Dimemvlamino-7-(2-C-memvl-B-D-ribo furanosvlWH-py^^ 

NMe 2 



N 



HO OH 



The compound from Step E of Example 62 (200 mg, 0.67 mmol) was 
added to dimethylamine (5 mL condensed in a small stainless steel autoclave) and 
20 warmed at 85°C for 48 h, then cooled and evaporated in vacuo . The crude mixture 
was purified on a silica gel with ethanol as the eluent to give the title compound . 
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which separated as an amorphous solid after treatment with MeCN. The amorphous 
sohd was dissolved in water and lyophilized to give a colorless powder (164 mg) 

IZs n ,m ^ 3J7 " 3 ' 97 (m ' 3H * H " 5 " H " 3,) ' 5 04 < S > 1H ' ™">. 
5), 7.55 (d, 1H, H-6), 8.13 (s, 1H, H-2). 

LC-MS: Found: 309.3 (M-H+); calc. for CMHfcNtfW: 308.33. 

BXAMPTF. T4.R 




The compound from Step E of Example 62 (200 mg, 0.67 mmol) was 
added to cyclopropylanoine (5 mL condensed in a small stainless steel autoclave) and 
wanned at 85°C for 48 h, then cooled and evaporated in vacuo. The crude mixL 
was purified on a silica gel with ethanol as the eluent to give the tide compound 
which separated as an amorphous solid after treatment with MeCN. The amorphous 
sohd was dissolved in water and lyophilized to give a colorless powder (148 mg) 
H NMR a>MSO^): 8 0.51- 0.58 (m, 2H), 0.64 (s, 3H, CH 3 ), 0.74- 0.076 (m 2H), 
-62-3.67 (m, 1H, H-5'), 3.79-3.82 (m, 3H, H-5"), 3.92-3.96 (m, H-4', H-3>), 5 03 

3.6 Hz, H-5), 7.59 (d, 1H, H-6), 8.13 (s, 1H, H-2). 

LC-MS: Found: 321.1 (M-H+); calc. for CisH^CW: 320.3. 

EXAMPLF. MO 

4-Annno-7-f 3-C-m««h y^ 
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Ml OH 

Step A: 7-r2.5-Bis-Q-ftgrt-buMdm^ 

methoxvphenvl)diphenvlmethvl1amino-7^ 
and7-r3.5-bis-Q-ftg^buM^ 
5 methoxvphenvndiphenvlme^ 

To a solution of mixture of the compounds from Step A of Examples 
140 and 141 (0.32 g, 0.65 mmoi) in anhydrous pyridine (6 mL) was added 
monomethoxytrityl chloride (0.30 g, 0.98 mmol) and the reaction mixture was stirred 
at room temperature overnight. The mixture was then concentrated and the residue 
10 was partitioned between CHiCl 2 (70 mL) and water (20 mL). The organic layer was 
washed with water and brine, dried (Na2S0 4 ) and concentrated. The residue was 
purified on silica gel column using 5-13% EtOAc in hexanes as the eluent The 
appropriate fractions were collected and concentrated to furnish 2\5'-bis-0-(te7f- 
butyldimethylsilyl)- and 3\5'-bis-0-(terf-butyldimethylsilyl) protected nucleosides as 
15 colorless foams (343 mg and 84 mg, respectively). 

Step B: 742.5-Bis-0-(terf-butvldime^ 
ulosvn-4-r(4-methoxvphenvl)diph 
Jlpvrimidine 

20 To a well-stirred suspension of chromium trioxide (91 mg, 0.91 mmol) 

in CH 2 C1 2 (4 mL) at 0°C were added pyridine (147 \xL 9 1.82 mmol) and then acetic 
anhydride (86 pL, 0.91 mmol). The mixture was stirred at room temperature for 0.5 
h. Then the T .S'-bis-O-^rt-butyldimethylsilyl) protected nucleoside from step A 
(343 mg 0.45 mmol) in CH 2 C1 2 (2.5 mL) was added and the mixture stirred at room 

25 temperature 2 h. The mixture was then poured into ice-cold EtOAc (10 mL) and 

filtered through a short silica gel column using EtOAc as the eluent. The filtrate was 
evaporated and the residue purified on a silica gel column with hexanes and 
hexanes/EtOAc (7/1) as the eluent to give the title compound (180 mg). 
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30 



M{4 = m^oxvphenvl) diphenvlmethvn a mm^7»_ n ^ hr? 
teBidine and m^Q^rt ^trlttimrtl, , » 

PVTrolof 7. vrimiriin.. 

To a mixture of MeMgBr (3.0 M solution in ether; 0 17 mL. 0 5 n^n 
. an hydrous h (1 , ^ , n temperatuK _ ^ - « 

^-mpoundfromStepBCTSmg, 0.1 mmo,)i„ anhydrous hexan^ (0.5 mL Z 

^iywashedwithEtOAc. r*e , ay ers were separated aTd the o^ a" £ 
^n^to^so^c^^ TheresiduewaspurifledonT 
^ag^coluo.usingSto^EtOAcinhex^ 
xylo- (60 mg) and the 3-C-methyl ribo-isomer (20 mg). 

-^-Amino-T-fVr-mKhyl. p D .nrlorarann.^^p ^.p 3 
tj.PVrimidii.ft 

CH,C1 2 (50 reL). washed with water (3 x 15 mL), dried,and evaporated The residue 
was dtssoived i„ dioxane (0.3 mL, and 80% acetic acid (3 reL, ™ added TnT 
t«cuo„ nuxture was sdned a. room tereperamre for 1 d and dten evapurared. Ike 

OOTaGxlOmL). Theaqueousta^wasconcentreredandthenireeze^ed The 
restdue was purified on silica gel column with CHaCWMeOH (20/1 and 10/1) as the 

5 . H T 5 ), 4.10 <br a, 1H. OH), 4.44 (d, 1H, /„ = 3.9 Hx, H-2') 5 58 (d. 1H. H •! 
lH,H-6),8.11(s, 1H.H-2). ES-MS: 281 [MH] + . 



35 
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EXAMPLE 150 
4-Ainino-7- (3-C-methvl-B-D-ribofuranosd^ 




5 HO OH 

The ribo-isomer (20 mg) from Step C of Example 149 was deprotected 
using the procedure described in Step D of Example 32 to yield the title compound (4 
mg). 

lH NMR (CD3CN): 8 1 .43 (s, 3H, CH 3 ), 3.28 (br s, 1H, OH), 3.58 (m, 2H, H-5', H- 
10 5"), 3.99 ( m, 1H, H-4'), 4.10 (br s, 1H, OH), 4.62 (d, 1H, J vv = 8.1 Hz, H-2'), 5.69 
(d, 1H H-1'), 5.88 (br s, 3H; OH, NH2), 6.45 (br s, 1H, OH), 6.51 (d, 1H, J ifi = 3.7 
Hz, H-5), 7.19 (d, 1H, H-6), 8.12 (s, 1H, H-2). ES-MS: 281 [MH] + . 



EXAMPLE 151 
2.4-Dianuno-7-(2 -C-methvl-B-D-rito 

HO^VA^^N^NH;, 
Htf OH 

A mixture of the product from Step B of Example 1 18 (24 mg) in 
aqueous ammonia (30%, 10 mL) was heated in a stainless steel autoclave at 100 °C 
20 overnight, then cooled and evaporated. The residue was- purified on a silica gel 

column with CH 2 Cl2/MeOH (10/1 and 5/1) as the eluent to afford the tide compound 
(15 mg). 
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H™f M 6 (S ' 3H> CH3) » 3 - 48 - 3 ' 58 (m 1H « H - 5 ')> **"3 (m. 2H. 
H-5 , H-4-), 3.84 (m, 1H, H-3'), 4.72 (s, 1H, 2'-OH), 4.97-5.03 (m, 2H, S'-OH 5' 

OH), 5.45 (br s, 2H, NH 2 ), 6.00 (s, 1H, H-l '), 6.28 (d, 1H, J = 3.7 Hz, H-5) 6 44 fbr 

s, 2H, NH 2 ) 6.92 (d, 1H /= 3.7 Hz, H-6). ^ 

ES MS: 294.1 (M-H*). 



EXAMPT.R 1 



10 



15 



4-Amino-2-f?uoro-7.r?-r.mpf hvi.B.D.rih„ 




V j»Me 

at -30 C is added the compound of Example 151 (60 mg, 0.2 mmol) in 0.5 mL 

pyndme followed by tert-butyl nitrite f36 uT o*- • • 

m . 0 , Qn _ / , y* niuite ^jo jil, 0.3 mmol). Stirnng is continued for 5 

M J?" ^ P0UIBd int ° ice - water < 5 ^ neu ^ with 2 N 

aqueous NaOH, and evaporated to dryness. The residue is purified on a silica gel 
column with CH.CI./MeOH (20/1 and 10/1) as the eluent to afford the tide 
compound. 



20 



EXAMPT.R |53 
-Amino-5-fluoro-7-f2-r- mft tV.p, D .ri hnfi , ranncyl) , 7ffi 

F NH? 




CO 

H0 "A/°n/ n N 

\__>Me 



HO OH 
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Step A: 4-Acetvlaimno-7-(2.3.5-tri-0^^ 
7/f»pvrrolof2.3>^lpY riniidine 

To a solution of the compound from step F of Example 62 (280 mg, 
1.00 mmol) in pyridine is added acetic anhydride (613 mg, 6.0 mmol). The resulting 
5 solution is stirred overnight at ambient temperature evaporated in vacuo and the 
resulting crude mixture is purified on silica gel using ethyl acetate/hexane as the 
eluent. Fractions containing the desired product are pooled and evaporated in vacuo 
to give the desired product. 

10 StepB: 4-Acetvlamino-5-bromo-7^23>S-tri-0-acetvl-2-C-methvl-B-D- 
ribofiiranosvlV7H>pvnt)lor23-^pvrimidine 

To a pre-cooled (0°C) solution of the compound from Step A (460 mg, 
LOO mmol) in DMF is added JV-bromosuccinimide (178 mg, 1.0 mmol) in DMR The 
resulting solution is stirred at 0°C for 30 min then at room temperature for another 30 
15 min. The reaction is quenched by addition of methanol and evaporated in vacuo . The 
resulting crude mixture is purified on silica gel using ethyl acetate/hexane as the 
eluent. Fractions containing the desired product are pooled and evaporated in vacuo 
to give the desired product. 

20 StepC: 4-Amino-5-fluoro-7-(2-C^ 
rflpvrimidine 

To a pre-cooled (-78°C) solution of the compound from Step B (529 
mg, 1.00 mmol) in THF is added butyl lithium (2M in hexanes) (0.5 mL, 1.00 mmol). 
The resulting solution is stirred at -78°C for 30 min and then quenched with N- 

25 fluorobenzensulfonimide (315 mg, 1.00 mmol) in THF. The resulting solution is very 
slowly allowed to come to ambient temperature and then poured into a stirred mixture 
of saturated aqueous ammonium chloride and dichloromethane. The organic phase is 
evaporated in vacuo and treated with ammonium hydroxide at 55°C in a closed 
container overnight. The resulting crude mixture is purified on silica gel using 

30 dichloromethane/methanol as the eluent. Fractions containing the desired product are 
pooled and evaporated in vacuo to give the desired product. 
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EXAMPI.F. 154 

NH 2 




H0 Vv/ N 

\ UMe 

5 ^Amino-l-r3,5-hi S -Q-(2.4^i^l^ p henvlmethvlv ? . r . mgtl , Ylf r 

ribofuranosYl^-yw-pY^^^ iors^p yri^iH^,, 

To the compound from Step C of Example 62 (1.00 g, 2.02 mmol) in 
dichloromethane (20 mL) was bubbled HBr gas for 5 min until it was saturated The 
resulting solution was stirred at room temperature for 10 min, evaporated in vacuo 
and coevaporated with anhydrous toluene (10 mL). 4-Amino-l^-pyrazolo[3 4- 
^pyrimidine (Aldrich, 0.43 g, 3.18 mmol) and NaH (60%, 150 mg, 3.8 mmol) were 
stirred in l-methyl-2-pyrrolidinone (10 mL) for 30 min. The resulting solution was 
poured into the above bromo sugar residue and the mixture was stirred overnight 
The mixture was diluted with toluene (50 mL), washed with brine (10%, 3x50 mL) 
and concentrated under reduced pressure. The residue was chromatographed on silica 
gel (EtOAc as eluent) to afford a solid (400 mg). 

4-Amino-l-(2-r-methvl-B-n-rihnfi nanosv ivi Sg yrazotog 4= 
<flpvrimidine 

To a solution of the compound from Step A (0.20 g, 0.33 mmol) in 
dichloromethane (10 mL) at -78°C was added boron trichloride (1M in 
dichloromethane) (3 mL, 3 mmol) dropwise. The mixture was stirred at -78°C for 0 5 
h, then at -45°C to -30°C for 2 h. The reaction was quenched by addition of sodium' 
acetate (1.0 g) and methanol (10 mL). The solution was evaporated and the residue 
was purified by flash chromatography over silica gel using CH 2 Cl 2 and 
CH 2 Cl 2 /MeOH (95:5-90: 10) gradient as the eluent to furnish the desired compound 
(60 mg) as a solid, which was recrystallized from methanol and acetomtrile to give the 
title compound as an off-white solid (40 mg). 



185 



WO 02/057425 



PCT/DS02/01531 



'H NMR CDMSO-dg): 8 0.75 (s, 3H), 3.59 (m, 1H), 3.69 (m, 1H), 3.91 (m, 1H), 4.12 
(m, 1H), 4.69 (t, 1H, / 5.1 Hz), 5.15 (m, 2H), 6.13 (s, 1H), 7.68 (s, br, 1H), 7.96 (s, br, 
1H), 8.18 (s, 1H), 8.21 (s, 1H). 

,3 C NMR (DMSO-cfg): 19.32, 62.78, 74.11, 78.60, 83.65, 90.72, 99.79, 133.50, 
5 153.89, 156.21, 158.05. 

LC-MS: Found: 282.1 (M+H*); calculated for 0,^,5^04+11*: 282.1. 

BIOLOGICAL ASSAYS 

10 The assays employed to measure the inhibition of HCV NS5B 

polymerase and HCV replication are described below. 

The effectiveness of the compounds of the present invention as 
inhibitors of HCV NS5B RNA-dependent RNA polymerase (RdRp) was measured in 
the following assay. 

A. Assay for Inhibition of HCV NS5B Polymerase: 

This assay was used to measure the ability of the nucleoside 
derivatives of the present invention to inhibit the enzymatic activity of the RNA- 
dependent RNA polymerase (NS5B) of the hepatitis C virus (HCV) on a heteromeric 
20 RNA template. 

Procedure: 

Assay Buffer Conditions: (50 uL -total/reaction) 
20mMTris,pH7.5 
25 50 uM EDTA 
5mMDTT 
2 mM MgCl 2 
80mMKCl 

0.4 U/pL RNAsin (Promega, stock is 40 units/uL) 
30 0.75 ug t500 (a 500-nt RNA made using T7 runofftranscription with a sequence 
from the NS2/3 region of the hepatitis C genome) 
1 .6 ug purified hepatitis C NS5B (form with 21 amino acids C-tenninally 
truncated) 

1 uM A,C,U,GTP (Nucleoside triphosphate mix) 
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[alpha- 32 P]-GTP or Ialpha- 33 P]_GTP 

The compounds were tested at various concentrations up to 100 uM 
final concentration. p - wpi 

An appropriate volume of reaction buffer was made including enzyme 
5 an'templatetm Nucleoside derivatives of the present invention were p£S 
the wel,soa96-well plate. A mixture of nucleoside triphosphates (NTP s>/ 

Plate Ihereachon was initiated by addition ofthe enzyme-template reaction solution 
and aUowed to proceed at room temperature for 1-2 h. 

10 Hi v „ ^ er ^ ti ° n ^ qUOTch ^ b y ad ^of20uX0.5MEDTA,pH8 0 
Blank reacts m which the quench solution was added to the NTPs prior to me 
addition of the reaction buffer were included. 

nfe*. * ^°! AeqUenCh ^^ onw ^^ttedontoDE81filterdisks 
(Whatman) and allowed to dry for 30 min. The filters were washed with 0.3 M 

usual y 6 washes). The filters we* counted in 5-mL Elation fluid in a 
scintillation counter. 

The percentage of inhibition was calculated acconiing to the follow™ 
ennaoon: * Wbiho„ = tHcpn, in tea, rcneoon - cp m h, bianJt)/^ inl^T 
20 reacuon-cpm in blank)] x 100. 

„ro Repiesentadvecom P° unds ^ted in the HCVNS5B polymerase assay 
exhibited IC 50 's less than 100 micromolar. X 

B. Assay for Tnh.h,.,™ " f HCV RNA Pip W.^. 

25 »wru,> * ^ eCOmpOUn ^ ome ^ SOTt inventionwereaIsoevaluate<lf 0 rme^ 
ability to affect the repKcation of Hepadtis C Virus RNA in cdtur^ hepaton. W 
7) celk containing a subgenomic HCV Replicon. The details ofthe assay are 
described below. This Replicon assay is a modification of that described in V 

30 ttephcation of a Sub-genomic Hepatitis C Virus RNAs in a Hepatoma Cell lL » 
Science 285: 1 10 (1999). 

Protocol: 

^^wasanrc^Ribonuc^ 
Proximity based-plate assay (SPA). 10,000 -40,000 cells were plated in 1 00-200 uL 
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of media containing 0.8mg/mL G418 in 96-well cytostar plates (Amersham). 
Compounds were added to cells at various concentrations up to 100 \M in 1% DMSO 
at time 0 to 18 h and then cultured for 24-96 h. Cells were fixed (20 min, 10% 
formalin), permeabilized (20 min, 0.25% Triton X-100/PBS) and hybridized 
5 (overnight, 50°C) with a single-stranded 33 P RNA probe complementary to the (+) 
strand NS5B (or other genes) contained in the RNA viral genome. Cells were 
washed, treated with RNAse, washed, heated to 65°C and counted in a Top-Count 
Inhibition of replication was read as a decrease in counts per minute (cpm). 

Human HuH-7 hepatoma cells, which were selected to contain a 
10 subgenomic replicon, carry a cytoplasmic RNA consisting of an HCV 5* non- 
translated region (NTR), a neomycin selectable marker, an EMCV IRES (internal 
ribosome entry site), and HCV non-structural proteins NS3 through NS5B, followed 
by the 3* NTR. 

Representative compounds tested in die replication assay exhibited 
15 ECso's less than 100 micromolar. 

k 

The nucleoside derivatives of the present invention were also evaluated 
for cellular toxicity and anti-viral specificity in the counterscreens described below. 

20 C COUNTER SCREENS : 

The ability of the nucleoside derivatives of the present invention to 
inhibit human DNA polymerases was measured in the following assays. 

a. Inhibition of Human DNA Polymerases aloha and beta: 

25 

Reaction Conditions: 
50 fiL reaction volume 

Reaction buffer components: 
30 20mMTris-HCl,pH7.5 

200 /xg/mL bovine serum albumin 

lOOmMKCl 

2 mM P-mercaptoethanol 

10mMMgCl 2 
35 1.6 /iM dA, dG, dC, dTTP 
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oc- 33 P-dATP 
Enzyme and temp late- 

0.05 mg/mL gapped fish sperm DNA template 
0.01 V/fiL DNA polymerase a or p 



Preparation of fj„ h sperm dma t^ ?htr 
Add 5 ML 1M MgCl 2 to 500 fiL activated fish sperm DNA (USB 70076V 
Warm to 37°C and add 30 fiL of 65 U/ M L of exonuclease in (GibcoBRi/lSO^llV 
10 Incubate 5 min at 37°C; u; * 

Terminate reaction by heating to 65 °C for 10 min; 

™™°"?/ L aUqUOtS ° nt0 Bi °" Spin 6 chroma ^y columns (Bio-Rad 732- 
6002) equihbrated with 20 mM Tris-HCl, pH 7.5; 

Elute by centrifugation at l,0O0Xg for 4 min; 
15 Pool eluate and measure absprbance at 260 nm to determine concentration. 

Trie un „ ^ **** ^ int0 20 a PP ro P riate V °l^e of 20 mM 
Tns-HQ, P H 7.5 and the enzyme was diluted into an appropriate volume of 20 mM 
Tns-HCl, contaming 2 mM 3-mercaptoethanol, and 100 mM KC1. Template and 
0 enzyme were pipetted into microcentrifuge tubes or a 96 well plate. Blank reactions 
excluding enzyme and control reactions excluding test compound were also prepared 
using enzyme dilution buffer and test compound solvent, respectively. The reaction 
was initiated with reaction buffer with components as listed above. The reaction was 

5 n^Jr 1110 "^ 3700 - Thereacdonwas ^edbytheadditionof20ML 
0.5M EDTA. 50 fiL of the quenched reaction was spotted onto Whatman DE81 filter 
disks and air dried. The filter disks were repeatedly washed with 150 mL 0 3M 
^monium formate, pH 8 until 1 mL of wash is < 100 cpm. The disks were washed 
twice with 150 mL absolute ethanol and once with 150 mL anhydrous ether, dried and 
counted in 5 mL scintillation fluid. 

> The percentage of inhibition was calculated according to the foUowins 

equation: % inhibition = [l-(cpm in test reaction - cpm in blanky ( cpm in control 
reaction - cpm in blank)] x 100. 



», Inhibition of Human DNA Polym^c, pmTm . 



-189- 



WO 02/057425 



PCT/US02/01531 



The potential for inhibition of human DNA polymerase gamma was 
measured in reactions that included 0.5 ng/ jiL enzyme; 10 jiM dATP, dGTP, dCTP, 
and TTP; 2 ^Ci/reaction [a- 33 P]-dATP, and 0.4 fig/^iL activated fish sperm DNA 
(purchased from US Biochemical) in a buffer containing 20 mM Tris pH8, 2 mM 0- 
5 mercaptoethanol, 50 mM KC1, 10 mM MgCl2, and 0.1 \ig/\xL BSA. Reactions were 
allowed to proceed for 1 h at 37°C and were quenched by addition of 0.5 M EDTA to 
a final concentration of 142 mM. Product formation was quantified by anion 
exchange filter binding and scintillation counting. Compounds were tested at up to 50 
jiM. 

10 The percentage of inhibition was calculated according to the following 

equation: % inhibition = [l-(cpm in test reaction - cpm in blank)/(cpm in control 
reaction - cpm in blank)] x 100. 

The ability of the nucleoside derivatives of the present invention to 
15 inhibit HIV infectivity and HIV spread was measured in the following assays. 

i 

c. HIV Infectivity Assay 

Assays were performed with a variant of HeLa Magi cells expressing 
both CXCR4 and CCR5 selected for low background p-galactosidase (P-gal) 
20 expression. Cells were infected for 48 h, and (J-gal production from the integrated 
HIV-1 LTR promoter was quantified with a chemiluminescent substrate (Galactolight 
Plus, Tropix, Bedford, MA). Inhibitors were titrated (in duplicate) in twofold serial 
dilutions starting at 100 |iM; percent inhibition at each concentration was calculated 
in relation to the control infection. 

25 

d. Inhibition of HIV Spread 

The ability of the compounds of the present invention to inhibit the 
spread of the human immunedeficiency virus (HIV) was measured by the method 
described in U.S. Patent No. 5,413,999 (May 9, 1995), and LP.Vacca, et al., Proc, 
30 Natl. Acad. Sci., 91: 4096-4100 (1994), which are incorporated by reference herein in 
their entirety. 

The nucleoside derivatives of the present invention were also screened 
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for cytotoxicity against cultured hepatoma (HuH-7) cells containing a subgenomic 
HCV Replicon in anMTS cell-based assay as described in the assay below The 
HuH-7 cell line is described in H. Nakabayashi, et al., Cancer Re. .. 42: 3858 (1982). 

5 e. Cytotoxici ty assay: 

Cell cultures were prepared in appropriate media at concentrations of 
app^rmately 1.5 x 10* cells/mL for suspension cultures in 3 day incubations and 5 0 
xlO cells/mL for adherent cultures in 3 day incubations. 99 uL of cell culture was 
transferred to wells of a 96-well tissue culture treated plate, and 1 uLof 100-times 

10 final concentration of the test compound in DMSO was added. The plates were 
incubated at 37°C and 5% C0 2 for a specified period of time. After the incubation 
period, 20 uL of CellTiter 96 Aqueous One Solution Cell Proliferation Assay reagent 
(MTS) (Promega) was added to each well and the plates were incubated at 37°C and 
5%C0 2 foranaMtionalperiodoftirneupto3h. The plates were agitated to mix 

15 well and absorbance at 490 run was read using a plate reader. A standard curve of 
suspension culture cells was^ prepared with known cell numbers just prior to the 
addition of MTS reagent Metabolically active cells reduce MTS to formazan 
Formazan absorbs at 490 nm. The absorbance at 490 nm in the presence of 
compound was compared to absorbance in cells without any compound added 
20 Reference: Cory, A. H. et al., "Use of an aqueous soluble tetrazoh'um/formazan assay 
for cell growth assays in culture," Cancer Cnmm„ n 3: 207 (1991). 



25 



The following assays were employed to measure the activity of the 
compounds of the present invention against other RNA-dependent RNA viruses: 

a. Determination of Tn Vitro Antiviral Activity of ComnnnnH, A r ^ Pl ^.. inr . 
(Cvtooathic Effect Inhihirimi A*c» y y 

Assay conditions are described in the article by Sidwell and Huffman 
"Use of disposable microtissue culture plates for antiviral and interferon induction ' 
30 studies," Apol. Micmhinl 22: 797-801 (1971). 

Viruses: 

Rhinovims type 2 (RV-2), strain HOP, was used with KB cells and media (0.1% 
NaHC0 3( no antibiotics) as stated in the Sidwell and Huffman reference. The virus, 

-191- 



WO 02/057425 



PCT7US02/01531 



obtained from the ATCC, was from a throat swab of an adult male with a mild acute 
febrile upper respiratory illness. 

Rhinovirus type 9 (RV-9), strain 211, and rhinovirus type 14 (RV-14), strain Tow, 
were also obtained from the American Type Culture Collection (ATCC) in Rockville, 
5 MD. RV-9 was from human throat washings and RV-14 was from a throat swab of a 
young adult with upper respiratory illness. Both of these viruses were used with HeLa 
Ohio-1 cells (Dr. Fred Hayden, Univ. of VA) which were human cervical epitheloid 
carcinoma cells. MEM (Eagle's minimum essential medium) with 5% Fetal Bovine 
serum (FBS) and 0.1% NaHC0 3 was used as the growth medium. 
10 Antiviral test medium for all three virus types was MEM with 5% FBS, 0.1% 
NaHC03, 50 |xg gentamicin/mL, and 10 mM MgCl2- 

2000 \ig/wL was the highest concentration used to assay the compounds of the present 
invention. Virus was added to the assay plate approximately 5 min after the test 
compound. Proper controls were also run. Assay plates were incubated with 
15 humidified air and 5% CO2 at 37°C. Cytotoxicity was monitored in the control cells 
microscopically for morphofogic changes. Regression analysis of the virus CPE data 
and the toxicity control data gave the ED50 (50% effective dose) and CC50 (50% 
cytotoxic concentration). Hie selectivity index (SI) was calculated by the formula: SI 
= CC50-rED50. 

20 

h. Dftterminario n of In Vitro Antiviral Activity of Compounds Against Denpue, 

Banzi. and Yellow Fever (CPE Inhibition Assay) 

Assay details are provided in the Sidwell and Huffman reference above. 

Viruses: 

25 Dengue virus type 2, New Guinea strain, was obtained from the Center for Disease 
Control. Two lines of African green monkey kidney cells were used to culture the 
virus (Vero) and to perform antiviral testing (MA-104). Both Yellow fever virus, 17D 
strain, prepared from infected mouse brain, and Banzi virus, H 336 strain, isolated 
from the serum of a febrile boy in South Africa, were obtained from ATCC. Vero 

30 cells were used with both of these viruses and for assay. 

Cells and Media: 

MA-104 cells (BioWhittaker, Inc., Walkersville, MD) and Vero cells (ATCC) were 
used in Medium 199 with 5% FBS and 0.1% NaHC03 and without antibiotics. 
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TZ N^mf 1 IT 1 yeU ° W feVer ' and Banzi was MEM, 2% FBS 
U.18% NaHC03 and 50 ug gentamicin/mL. 

& Detennination of Tn Vit™ A n tiviral Ajttjyjty jjfCpj 
Virus fCPF. In hibition A gcaY } ~~ " 

A^y derails arc provided to to. Sid „. U ^ Hllftam dted 

rOTQseaseOjMrel. Vero cells were grown and used as described above Tea 
nre*nrewaaMERl%rr BS , 0 , %NfflOT3 ^ 50pg ™^«- Tea, 

^^ofSrdweUandHtffrnnnwtoohare^artotoosensed toassayfor 

f ever, dengue, Ban,, andW^Krn. v jr , .- r fNe|lte ,, B .„, v ^ — 

, A * erpaforn,in 8' lM CPE MbMon assays above, an additional 
« dejeonon reetood was nseo whieh ia described to "Mierodrer Ass" for 
^rferen^Mrcrospecrrophotornetrie Wtodon of Cytopatoic Effect aJ1 
f^M^SM. 31:35-38 (1976). A Mode. BU09 rej^ J^Tet 

calculated as above. 

E££OF A PHARMAnrnmrAT -FORMULaTO 

As a specific embodiment of an oral composition of a compound of the 
P^entm« 



35 
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While the invention has been described and illustrated in reference to 
specific embodiments thereof, those skilled in the art will appreciate that various 
changes, modifications, and substitutions can be made therein without departing from 
the spirit and scope of the invention. For example, effective dosages other than the 
5 preferred doses as set forth heeinabove may be applicable as a consequence of 
variations in the responsiveness of the human being treated for severity of the HCV 
infection. Likewise, the pharmacologic response observed may vary according to and 
depending upon the particular active compound selected or whether there are present 
pharmaceutical carriers, as well as the type of formulation and mode of administration 
10 employed, and such expected variations or differences in the results are contemplated 
in accordance with the objects and practices of the present invention. It is intended 
therefore that the invention be limited only by the scope of the claims which follow 
and that such claims be interpreted as broadly as is reasonable. 

I 
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WHAT IS CLAIMED IS: 
• uu- -J" A ° f inhiWting ^-dependent RNA viral polymerase 

ofstmcturalfomulalwmchisofthestereochemicalconfigurati^ 




R 3 R 2 
(I) 



or a 



'acceptable salt thereof; 
10 wherein B is selected from the group consisting of 





Crt A "Vr 



R 7 

A. 



and 




A, G, and L are each independently CH or N- 

D is N, CH, C-CN, C-N02, C-Q.3 alkyl, C-NHCONH 2 C-CONRllRll 

C-CSNRllRll,C-COORH C-Cf-NmNHo ru a 

^ •^^-^NH2,C-hydroxy I C-Ci. 3 alkoxy,C 
15 C-Cm alkylamino, C-di(C M alkyl)amino, C-halogen, C-(U-oxazoi-2- y l) C-(l 3 
taol-2-yl), or C-(imidazol-2-yl); wherein alkyl is unsubstituted or substituted with 



amino, 
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one to three groups independently selected from halogen, amino, hydroxy, carboxy, 
and Ci-3 alkoxy; 

E is N or CR5; 

WisOorS; 

5 Y is H, Ci-io alkylcarbonyl, P3O9H4, P2O6H3, or P(O)R9r10 ; 
. Rl is hydrogen, C2-4 alkenyl, C2-4 alkynyl, or Ci-4 alkyl optionally substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms and one of R2 and R3 is hydroxy or C1-4 
alkoxy and the other of R2 and R3 is selected from the group consisting of 
hydrogen, 
10 hydroxy, 
halogen, 

C1-4 alkyl, optionally substituted with 1 to 3 fluorine atoms, 

Cmo alkoxy, optionally substituted with C1.3 alkoxy or 1 to 3 fluorine 

atoms, 

15 C2-6 alkenyloxy, 

C1-4 alkylthio, * 
Ci-8 alkylcaibonyloiy, 
aryloxycarbonyl, 
azido, 

20 amino, 

C1-4 alkylamino, and 
di(Ci-4 alkyl)amino; or 
R2 is hydrogen, C2-4 alkenyl, C2-4 alkynyl, or C1-4 alkyl optionally substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms and one of Rl and R3 is hydroxy or C1-4 
25 alkoxy and the other of Rl and R3 is selected from the group consisting of 
hydrogen, 
hydroxy, 
halogen, 

C1-4 alkyl, optionally substituted with 1 to 3 fluorine atoms, 
30 Ci-10 alkoxy, optionally substituted with hydroxy, C1-3 alkoxy, carboxy, or 1 

to 3 fluorine atoms, 

C2-6 alkenyloxy, 

C1-4 alkylthio, 

Ci-8 alkylcarbonyloxy, 
35 aryloxycarbonyl, 
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azido, 
amino, 

Ci-4 alkylamino, and 
di(Ci^ alkyl)amino; or 
Rl and R2 together with the carbon atom to which they are attached form a 3- to 6- 
membered saturated monocyclic ring system optionally containing a heteroatom 
selected from O, S, and NQm alkyl; 

R4 and R6 are each independently H, OH, SH, NH 2 , C M alkylamino, di(C M 
alkyDamino, C 3 . 6 cycloalkylamino, halogen, Cm alkyl, Cm alkoxy, or CF 3 - 
R5 is H, Ci. 6 alkyl, C 2 -6 alkenyl, C 2 -6 alkynyl, Cm alkylamino, CF 3 , or halogen; 
R14 1S H, CF 3 , Cm alkyl, amino, Cm alkylamino, C 3 . 6 cycloalkylamino or 
di(Ci^dkyl)amino; 

R7 is hydrogen, amino, C W alkylamino, C 3 . 6 cycloalkylamino, or 
di(Ci_4 alkyl)amino; 
15 each Rll is independently H or Ci-6 alkyl; 

R8 is H, halogen, CN, carboxy, Cm alkyloxycarbonyl, N 3 , amino, C M alkylamino 
di(C M alkyDamino, hydroxV, Gi-6 alkoxy, Cm alkylthio, Q_ 6 alkylsulfonyl, or ' 
(Cm alkyl)o_2 aminomethyl; 

R12 and Rl3 are each independendy hydrogen, methyl, hydroxymethyl, or 
20 fluoromethyl; and 

R9 and RlO are each independendy hydroxy, OCH 2 CH 2 SC(=0)Cm alkyl 
OCH 2 0(C=0)OC M alkyl, NHCHMeCC^Me, OCH(C M alkyl)0(C=0)C M alkyl, 



25 



0(CH2) 9 CH 3 or OCO(CH2) 14 CH 3 . 

with the provisos that (a) when Rl is hydrogen, one of R3 and R4 is hydrogen and R2 
is fluoro^ then the other of R3 and R4 is not hydrogen, halogen, azido, trifluoromethyl, 
Cm alkyl, amino, C W alkylamino, di(CM alkyl)amino, or Clio alkoxy, (b) when 
Rl is hydrogen, one of R3 and R4 is hydrogen, and R2i s halogen, hydroxy, Ci-6 
alkoxy, or C 2 _6 alkenyloxy, then the other of R3 and R4 is not hydrogen, fluoro, or 
azido; and (c) when Rl and R3 are hydrogen and R2 is hydroxy, then R4 is not ' 
30 hydroxy. 
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2. A method of treating RNA-dependent RNA viral infection in a 
mammal in need thereof comprising administering a therapeutically effective amount 
of a compound of Claim 1. 

5 3. The method of Claim 1 wherein the compound is of 

structural formula II of the indicated stereochemical configuration: 

Vv°v B 

r 12/Wr^ R 13 

R 3 R 2 
(H) 

wherein B is 




D is N, CH, C-CN, C-NO2, C-C1.3 alkyl, C-NHCONH2, C-CONRHr11, 

C-CSNRllRH, C-COORll, C-hydroxy, C-C1.3 alkoxy, C-amino, C-C1.4 

alkylamino, C-di(Ci^ alkyl)amino, C-halogen, C-(l,3-oxazol-2-yl), C-(l,3-thiazol-2- 

yl), or C-(imidazol-2-yl); wherein alkyl is unsubstituted or substituted with one to 

15 three groups independenUy selected from halogen, amino, hydroxy, carboxy, and 
C1.3 alkoxy; 

EisNorC-R5; 

WisOorS; 

Y is H, Ci-10 alkylcarbonyl, P3O9H4, or P(O)R9r10 ; 
20 Rl is hydrogen, CF3, or C 1 .4 alkyl and one of R2 and R3 is OH or Ci^. alkoxy and 
the other of R2 and R3 is selected from the group consisting of 

hydrogen, 

hydroxy, 
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halogen, 
Cl-3 alkyl, 

trifluoromethyl, 
Ci^ alkoxy, 

5 C\-4 alkylthio, 

Ci-8 alkylcarbonyloxy, 

aryloxycarbonyl, 

azido, 

amino, 

10 Q.4 alkylamino, and 

di(Ci-4 aIkyl)amino; or 
R2 is hydrogen, CF 3 , or C M alkyl and one of Rl and R3 is 0H or C M alkoxy and 
the other of Rl and R3 is selected from the group consisting of 
hydrogen, 
15 hydroxy, 

fluoro, » 
Cm alkyl, 

trifluoromethyl, 
Ci-4 alkoxy, 
20 Ci^ alkylthio, 

Ci-8 alkylcarbonyloxy, 

azido, 

amino, 

Ci-4 alkylamino, and 
25 di(Ci-4 alkyl)amino; or 

Rl ^togemerwim^ 

R4 and R6 are each independently H, OH, SH, NH 2 , C M alkylamino, di(C M 
alkyl)amino, Qms cycloalkylamino, halogen, C M alkyl, C M alkoxy, or CF 3 - 
R5 is H C M alkyl, C 2 -6 alkenyl, C 2 . 6 alkynyl, C M alkylamino, CF 3 , or halogen; 
R> is hydrogen, amino, C M alkylamino, C 3 . 6 cycloalkylamino, or 
di(Ci-4 alkyl)amino; 

each Rl 1 is independently H or C i_6 alkyl; 



30 
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R 8 is H, halogen, CN, carboxy, Ci-4 alkyloxycaibonyl, N3, amino, Ci-4 alkylamino, 
di(Ci-4 alkyl)amino, hydroxy, Ci-6 alkoxy, Ci-6 alkylthio, Ci-6 alkylsulfonyl, or 
(C1-4 alkyl)o-2 aminomethyl; 

Rl2 and Rl3 are each independently hydrogen or methyl; and 
5 R9 and RlO are each independently hydroxy, OCH2CH2SC(=0)Ci-4 alkyl, or 
OCH 2 0(C=0)Ci-4 alkyl; 

with the provisos that (a) when Rl is hydrogen, one of R3 and R4 is hydrogen, and R2 
is fluoro, then the other of R3 and R4 is not hydrogen, halogen, trifluoromethyl, Ci_4 
alkyl, amino, C1-4 alkylamino, di(Ci^ alkyl)amino, or C14 alkoxy, (b) when Rl is 
10 hydrogen, one of R3 and R4 is hydrogen, and R2 is halogen, hydroxy, or Ci_4 alkoxy, 
then the other of R3 and R4 is not hydrogen, fluoro, or azido; and (c) when Rl and R3 
are hydrogen and R2 is hydroxy, then R4 is not hydroxy. 

4. The method of Claim 2 wherein the compound is of the 
1 5 structural formula II of the indicated stereochemical configuration: 

\y v B 

Ria^R 4 Ryy 

k k 
(ii) 

wherein B is 




20 D is N, CH, C-CN, C-NO2, C-C1-3 alkyl, C-NHCONH2, C-CONRllRl 1, 
C-CSNRllRH, C-COORll, C-hydroxy, C-C1.3 alkoxy, C-amino, C-C^ 
alkylamino, C-di(Ci-4 alkyl)amino, C-halogen, C-(l,3-oxazol-2-yl), C-(U-thiazol-2- 
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yl), or C-(imidazol-2-yl); wherein alkyl is unsubstituted or substituted with one to 
Aree groups independently selected from halogen, amino, hydroxy, carboxy, and 
C1.3 alkoxy; 

EisNorC-R5 ; 
5 WisOorS; 

Y is H, Ci-io alkylcarbonyl, P3O9H4, or P(O)R°Rl0 : 

Rl is hydrogen, CF 3 , or C1-4 alkyl and one of R2 and R3 is OH or Cm alkoxy and 
the other of R2 and R3 is selected from the group consisting of 

hydrogen, 
10 hydroxy, 

halogen, 

Cl-3 alkyl, 

trifluoromesthyl, 
Ci_4 alkoxy, 
15 C1-4 alkylthio, 

Ci-8 alkylcarbonyloxy, 

aryloxycarbonyl, 

azido, 

amino, 

20 C1-4 alkylamino, and 

di(Ci-4 alkyl)amino; or 
R2 is hydrogen, CF 3 , or C M alkyl and one of Rl and R3 is OH or C M alkoxy and 
the other of Rl and R3 is selected from the group consisting of 
hydrogen, 
25 hydroxy, 
flupro, 
Ci^ alkyl, 

trifluoromethyl, 
C1.4 alkoxy, 
30 Ci^ alkylthio, 

Ci_8 alkylcarbonyloxy, 

azido, 

amino, 

C1-4 alkylamino, and 
35 di(Ci-4 alkyl)amino; or 
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Rl and R 2 together with the carbon atom to which they are attached form a 3- to 6- 
membered saturated monocyclic ring system optionally containing a heteroatom 
selected from O, S, and NCO-4 alkyl; 

R4 and R6 are each independently H, OH, SH, NH2, C1.4 alkylamino, di(Ci-4 
5 alkyl)amino, C3-6 cycloalkylamino, halogen, alkyl, Ci-4 alkoxy, or CF3; 
R5 is H, C1-6 alkyl, C2-6 alkenyl, C2-6 alkynyl, C1-4 alkylamino, CF3, or halogen; 
R7 is hydrogen, amino, Ci-4 alkylamino, C3.6 cycloalkylamino, or 
di(Ci-4 alkyl)amino; 

each Rl 1 is independently H or C 1-6 alkyl; 
10 R8 is H, halogen, CN, carboxy, Ci-4 alkyloxycarbonyl, N3, amino, Ci-4 alkylamino, 
di(Cl-4 alkyl)amino, hydroxy, Ci-6 alkoxy, Ci-6 alkylthio, Ci-6 alkylsulfonyl, or 
(Ci-4 alkyl)o-2 aminomethyl; 

Rl2 and Rl3 are each independently hydrogen or methyl; and 
R9 and RlO are each independently hydroxy, OCH2CH2SC(=0)Ci-4 alkyl, or 
15 OCH20(C=0)Ci-4 alkyl; ^ 

with the provisos that (a) when Rl is hydrogen, one of R3 and R4 is hydrogen, and R2 
is fluoro, then the other of R$ and R4 is not hydrogen, halogen, trifluoromethyl, C1.-4 
alkyl, amino, Ci-4 alkylamino, di(Ci-4 alkyl)amino, or Ci-4 alkoxy; (b) when Rl is 
hydrogen, one of R3 and R4 is hydrogen, and R2 is halogen, hydroxy, or Ci-4 alkoxy, 
20 then the other of R3 and R4 is not hydrogen, fluoro, or azido; and (c) when Rl and R3 
are hydrogen and R2 is hydroxy, then R4 is not hydroxy. 



5. The method of Claim 3 wherein the compound is of the 
structural formula HI of the indicated stereochemical configuration: 



25 




R 3 R 2 
(HI) 



wherein B is 
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10 



20 




or 




D is N, CH, C-CN, C-N0 2 , C-C1.3 alkyl, C-NHCONH 2 C-CONRllRll 
C-CSNR11R11, C-COORH, C-hydroxy, C-d.3 alkoxy,' C-amino, C-C M 
alkylamino, C-di(Ci^ alkyl)amino, C-halogen, C-(l,3-oxazol-2-yl), C-(U-thiazol-2- 
yl), or C-CimidazoW-yl); wherein alkyl is unsubstituted or substituted with one to 
cH ^ independently ***** ^ halo &™> amino, hydroxy, carboxy, and 
WisOorS; 

Y is H, Cho alkylcarbonyl, P3O9H4, P2O6H3, or P(O)R9r10 ; 
Rl is hydrogen, CF 3 , or Cm alkyl and one of R2 and R 3 is o H 'or Cm alkoxy and 
the other of R2 and R3 is selected from the group consisting of 
hydrogen, 
hydroxy, 
fluoro, 
15 Q-3 alkyl, 

trifluoromethyl, 
Ci-8 alkylcarbonyloxy, 
C1.3 alkoxy, and 
amino; or 

R2 is hydrogen, CF 3 , or C M alkyl and one of Rl and R3 is OH or C M alkoxy and 
theotherof Rl and R3 is selected from the group consisting of 
hydrogen, 
hydroxy, 
fluoro, 
25 C1.3 alkyl, 

trifluoromethyl, 
Ci-8 alkylcarbonyloxy, 
C1-3 alkoxy, and 
amino; or 
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Rl and R2 together with the carbon atom to which they are attached form a 3- to 6- 
membered saturated monocyclic ring system optionally containing a heteroatom 
selected from O, S, and NCo-4 alkyl; 

R6 is H, OH, SH, NH2, Ci-4 alkylamino, di(CM alkyl)amino, 
5 C3-6 cycloalkylamino, halogen, C1-4 alkyl, Ci-4 alkoxy, or CF3; 

R5 is H, C1-6 alkyl, C2-6 alkenyl, C2-6 alkynyl, Ci-4 alkylamino, CF3, or halogen; 
R7 is hydrogen, amino, Ci-4 alkylamino, C3-6 cycloalkylamino, or 
di(Ci-4 alkyl)amino; 

each Rll is independently H or C 1-6 alkyl; 
10 R8 is H, halogen, CN, carboxy, Ci-4 alkyloxycarbonyl, N3, amino, C1-4 alkylamino, 
di(Ci^ alkyl)amino, hydroxy, Ci_6 alkoxy, Ci-6 alkylthio, Ci_6 alkylsulfonyl, or 
(Ci^ alkyl)o-2 aminomethyl; and. 

R9 and RlO are each independently hydroxy, OCH2CH2SC(=0)t-butyl, or 
OCH20(C=0)iPr, 

15 with the provisos that (a) when Rl is hydrogen and R2 is fluoro, then R3 is not 

hydrogen, trifluoromethyl, fluoro, Ci-3 alkyl, amino, or C1.3 alkoxy; (b) when Rl is 
hydrogen and R2 is fluoro, hydroxy, or Ci-3 alkoxy, then R3 is not hydrogen or 
fluoro; and (c) when Rl is hydrogen and R2 is hydroxy, then R3 is not p-hydroxy. 

20 6. The method of Claim 4 wherein the compound is of the 

structural formula III of the indicated stereochemical configuration: 




R 3 R 2 
(III) 



25 wherein B is 
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20 





or 



D is N, CH, C-CN, C-N0 2 , C-Ci_ 3 alkyl, C-NHCONH 2 C-CONRllRll 
C-CSNRllRll, C-COORH, C-hydroxy, C-d.3 alkoxy,' C-amino, C-C^ 
alkylamino, C-di(C M alkyl)amino, C-halogen, C-(l,3-oxazol-2-yl), C-(l,3-thiazol-2- 
yl), or C-(imidazol-2-yl); wherein alkyl is unsubstituted or substituted with one to 
three groups independently selected from halogen, amino, hydroxy, carboxy, and 
C1-3 alkoxy; 

WisOorS; 

Y is H, Ci-10 alkylcarbonyl, P3O9H4, P2O6H3, or P(O)R9r10 ; 
Rl is hydrogen, CF 3 , or Cm alkyl and one of R2 and R3 is OH or C M alkoxy and 
the other of R2 and R3 j s selected from the group consisting of 
hydrogen, 
hydroxy, 
fluoro, 
15 C1-3 aiicy^ 

trifluoromethyl, 
Ci^8 alkylcarbonyloxy, 
C1-3 alkoxy, and 
amino; or 

R2 is hydrogen, CF 3 , or C M alkyl and one of Rl and R3 is OH or C M alkoxy and 
the other of Rl and R3 is selected from the group consisting of 
hydrogen, 
hydroxy, 
fluoro, 
25 Ci_3 alkyl, 

trifluoromethyl, 

Ci-8 alkylcarbonyloxy, 

C1.3 alkoxy, and 

amino; or 
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Rl and R 2 together with the carbon atom to which they are attached form a 3- to 6- 
membered saturated monocyclic ring system optionally containing a heteroatom 
selected from O, S, and NQ)-4 alkyl; 



5 C3-6 cycloalkylamino, halogen, Ci-4 alkyl, Ci-4 alkoxy, or CF3; 

R5 is H, Ci-6 alkyl, C2-6 alkenyl, C2-6 alkynyl, Ci-4 alkylamino, CF3, or halogen; 
R7 is hydrogen, amino, C1-4 alkylamino, C3.6 cycloalkylamino, or 
di(Ci-4 alkyl)amino; 

each Rl 1 is independently H or C 1-6 alkyl; 
10 R8 is H, halogen, CN, carboxy, Q-4 alkyloxycarbonyl, N3, amino, Ci-4 alkylamino, 
di(Ci-4 alkyl)amino, hydroxy, Ci-6 alkoxy, Ci-6 alkylthio, Ci^ alkylsulfonyl, or 
(Ci-4 alkyl)0-2 aminomethyl; and 

R9 and RlO are each independently hydroxy, OCH2CH2SC(=0)t-butyl, or 
OCH20(C=0)iPr, 

15 with the provisos that (a) when Rl is hydrogen and R2 is fluoro, then R3 is not 

hydrogen, trifluoromethyl, fluoro, C1.3 alkyl, amino, or Ci-3 alkoxy; (b) when Rl is 
hydrogen and R2 is fluoro, hydroxy, or C1-3 alkoxy, then R3 is not hydrogen or 
fluoro; and (c) when Rl is hydrogen and R2 is hydroxy, then R3 is not p-hydroxy. 

20 7. The method of Claim 5 wherein B is 



R6 is H, OH, SH, NH2, Ci-4 alkylamino, di(Ci-4 alkyl)amino, 




>6 



The method of Claim 6 wherein B is 




9. 



The method of Claim 5 wherein B is 
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10. The method of Claim 6 wherein B is 




5 11. The njethod of Claim 6 wherein the compound is selected fiom 

the group consisting of: \ 

2'-0-methyl-cytidine, 

2 , -C-methyI-cytidine, 

S'^^-O-octanoyl^'-O-methyl-cytidine, 
10 3, -0-octanoyl.2'.0-methyl-cytidine, 
2'-C-methyl-adenosine, 

2 , -C-methyl-8-amino-adenosine, 

^n^o-5^o-7-(2^^^ 

flpyrimidine, 

pyrrolo[2,3-rf]pyrimidine, 
3'-deoxy-3'-methyl-cytidine, 

^amino-^ta^xy-a-methyl-P-D-ribofuranosylOT-pynoloP^- 
flpyrimidin-5-carboxamide, 

20 ^ n ^ 7 -< 3 ^*y^^ 

4-an U no-7-(3-deoxy-P-D-riboforanosylHH-pynolor2>^ 
carboxamide, 

3'-amino-3'-deoxyadenosine, 
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2-aminch3,4-dihydro-4-oxo-7-(P-D^^ 
d]pyrimidin-5-carboxamide, 
4-anuno-7KP-D-ribofuranostf^^ 
2-amino-3,4Kiihydro^ox^ 
5 <|pyrimidin-5-carbonitrile, 
2-amino-5-ethyl-7-(P-D^ 
one, 

6-amino-l -(P-D-ribofur^ 
2-amino-7-(3-deoxy-P-D-ribofi^ 
10 one, 

2 , -C?-methylguanosine, 

2-amino-7-(2-0-methyl-p-D^ 

4(3ii>one, 

2-amino-7-(2-0-me%l-P-D-ribofi^ 
15 . 4(3J*)-one, 

7K2-0-me%l-P-D-ribofiu^^ 
2-amino-5-methyl-7-(P-D-^^ 
one, 

2-anuno-3,4<iihydro^K)xo-7-^ 
20 [2,3-d]pyrimidin-5-carbonitrile, 

2-amino-5-me%l-7-(2-0-me%^^ 

d]pyrimidin-4(3#)-one, 

8-azidoguanosine, 

8-aminoguanosine, 
25 8-bromoadenosine, 

8-aminoadenosine, 

8-bromoguanosine, 

4- amino-7-(3-deoxy-3-fluoio-P-D-ri^^ 

5- carboxamide, 

30 2-amino-4-chloro-7-(2-0-methyl-p-D-ri^ 
d]pyrimidin-5-caibonitrile, 
2-amino^Moro-5^thyl-7-(2-0-methyl^ 
d]pyrimidine, 
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LA3-^pyrimidine, 
^p/fj-thione, 

5 2-amino^hlon>-K2-0-meth y l- P -D-ribofur^ 3. 

rflpyrimidine, 

2-amino-7-(P-D-ribofu ra nosyim-pyrrolo[23-4pyri m idine, 
2-^no^fW7-(P^^ 

10 Opyrimidine, 

Hp^ribofuranosyl)-!^^ 

^^o-Hp^bofunmosyl)^ 

2-anmo^Woro-9-(p.D-ribofii ra nosyl)-9fl'-purine 
2 -^n°^Uoio-7^^ 

carbonitrile, 

6-methyl-9-(P-D-ribdfuranbsy])-9^-purine, 
2-*nimo-7^eo^ 

d]pyrimidin-4(3fl)-one, 

2-amino-KP-D-arabinofuranosyl)-7^pynolo[W 

2-an U no-7^a ra binofu ra nosyl)-3,4KJihydro^xo-7^pynolo[2,3- ' 
<flpyrimidin-5-carbonitrile, 

25 ^ n ;^ 

9-(p-D-arabiDofuranosyI)-9^-purin-6(lfl). 0 ne ) 

1- (p-D-arabinofuranosyl>l^ytosine, 

2- amino^hloro-5-methyl-7.(P-D-arabinof^o S yl)-7^^^^ 
flpyrimidine, ' 

30 3'-deoxy-3'-{fluoroniethyl)-guanosine, 
2'-amino-2'-deoxycytidine, 
4-anuno-7^eoxy-p^^ 
carbonitrile, 

2'-0-methyladenosine, 
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4-amino-7-(2-(>methyl-p.D-^^ 
S^amino^^-deoxy^'-O-methyl-adenosine, 
S'-deoxy-S'-methyl-uridine, 
6-amino-l-(3-deoxy-P-D-ribofur^^ 
5 6-amino-l-(3-deoxy-3-fluoro-P-D-^^ 
4(3Jf)-one, 

2-amino-7-(2-deoxy-p-D-ribofi^ 

d]- pyrimidin-5-carbonitrile, 

3'Kieoxy-2^0-(2-methoxye%l)^ 
10 2 , -amino-2'-deoxy-uridine, 

2-amincK9-(P-D-arabinofiiranosyl)-9H-purin-6(l//)-one, 

3 ' -deoxy-3 * -methylguanosine, 

2 , -0-[4-(imidazolyH)butyl]guanosine, 

2*-deoxy-2'-fluoroguanosine, 
15 2'-deoxyguanosine, , 

2-amino-7^2^xy-2-fludio^ 

4(3fl)-one, 

2-amino-7-(3-deoxy-P-D-ri^ 
4pyrinudin-5-carbomtrile, 
20 2-amino-5-iodo-7-(P-D-ribofu^^ 
one, 

2-anuno-7-(3-deoxy-3-methyl-P-D-ri^ 
d]pyrimidin-5-carbonitriIe, 
2-amino-7-(P-D-riboftaanosyl)-^^^ 
25 2-amino-7-(2-deoxy-P-D-ribofi^ 
one, 

2-amino-7-(3-deoxy-3-me%l-P^ 
4pyrirnidin-4(3//)-one t 
2-amino-7-(3-deoxy-3-fluoro-P-D-ri^ 
30 4(3#)-one, 

6-aimno-H2-0-methyl-P-D-^^ 
one, 

6-amino-l-(2-deoxy-p-D-ribof^ 
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6-amino-H2-deoxy-2-flu 0ro -P-D-ribofuranosyl)-l M 
4(5fl>one, 

6 -^°°-HP-D-arabino^^ 

2 -C-[2-(iV,Ar-die%laminooxy)ethyl]-5-methyluridine, 
5-ethynyl-2'-0-(2-methoxyethyl)-cytidine, 

1- (2-C-methyI-P-D-arabinofiiranosyl)uracil, 

2- amino-2'-0-methyladenosine, 
2'-deoxy-2'-fluoroadenosine, 
3*-deoxy-3'-methyladenosine, 
^no-7-(2-deoxy-P4^^ 

^°-7^*y-3-fl^^ 
5-carboxamide, 

carboxamide, * 
^no-7-(2-0-me^^^ 

4-amino-7KP-D-arabinofui^osyl)-7ff-pyirolot23-^pyrii^ 
^amino-MS-deoxy^^ 

^no-7-(P^ribofur^ (tubercidin) 
^e-dianiino-KP-D-ribofuranosylOT-pynolo^^ 

2-amino-7-(3.deoxy-3-nuoro-p-D-riboforanosyl>7iy-pyiTolo-^ 
4pyrimidin-5-carboxamide, 

^no-l-(3-deoxy-P-D-rito^^ 

4-aimDO-l-(3-deoxy-3- m ethyl-P-D-ribofuranosyl)-l M ^ 

4-amin<>l-(p.D-ribofuranosyl)-m-i m ida 2 o[4,5-c]pyridine, 
^no-l-(2-C-me%H3^^ 

4-anuno-7-(3-deoxy-3.fluoro-P-D-ribofuranosyl)-7H-pyirolo[23- 
flpyrimidine; and 

the corresponding 5'-triphosphates, 5'- 

[bis(isopropyloxycarbonyloxyffiethyl)]monopho S phate S ,5'-mono-(S-C M 
alkanoyl.2-thioethyl)monophosphate S( and 5'-bis-(S-Ci_4 alkanoyl-2- 
thioethyl)monophosphates thereof; 
a pharmaceutically acceptable salt thereof. 
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12. The method of Claim 2 wherein the. compound is selected from 
the group consisting of: 

T -0-methyl-cytidine, 
5 2'-C-methyl-cytidine, . 

3 1 .S'-di-O-octanoyl^'-O-methyl-cytidine, 
3 1 -0-octanoyl-2'-0-methyl-cytidine, 
2*-C-methyl-adenosine, 
T -C-methyl-8-amino-adenosine, 
10 4-amino-5-cyano-7-(2-C-m^^ 
rfjpyrimidine, 

4-amino-5-(aminocarbonyl^ 

pyixolo[2,3-rflpyrimidine f 

S'-deoxy-S'-methyl-cytidine, 
15 4~amino-7K3-deoxy-3-methyl-P-^ 

dJpyrinndin-5-caiboxamide, 

4-anuno-7-(3-deoxy-P-D^^ 

4-amincK7-(3-deoxy-p-D-ribof^ 

carboxamide, 
20 S'-amino-S'-deoxyadenosine, 

2-amino-3,4Klihydro-4-oxo-7-(P^^ 

^pyrimidin-5-caiboxamide, 

4-amino-7-(p-D-ribofur^^ 

2-amino-3,4-dihydro^oxo-7-^^ 
25 rfJpyrimidin-5-carbonitrile, 

2-amino-5-ethyl-7-(P-D-ribof^ 

one, 

6-amino-l-(P-D-ribofw?mosy^^^ 

2-amino-7-(3^1eoxy-p.D-ribofuranosyl>7//-pyrrolo[ 
30 one, 

T -O-methylguanosine, 

2-amino-7-(2-0-methyl-P-D-ribof^^ 
4(3//>one, 

2-anuno-7-(2-0-methyl-P-D-ribo^ 
35 4(3#)-one, 
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H2-0-methyl-P-M^ 

2-amino-5-met^^ 

one, 

2-anuno-3,4Kiihyto^ 

[2^-J]pyrimidin-5-caibonitriIe, 

2-amino-5-methyl-7^^^ 

d]pyrimidin-4(3#)-one, 

8-azidoguanosine, 

8-aminoguanosine, 

8-bromoadenosine, 

8-aminoadenosine, 

8-bromoguanosine, 

4- amino-7-(3^^ 

5- carboxamide, 

2-aimno^Uor(^2-0-m^ 
d]pyrimidin-5-carbonitriIe, 
2-amino^Moro-54thyl/7-{2^^^ 
^pyrimidine, 

2-a«^o-4-chloro-5-me^^ 
[2,3-d]pyrimidine, 

2-amino-7-(2-0-me%l-P-D<ibota^ 
4(3fl>thione, 

2-amino-4-chloro-7-(2-0-m^ 
rflpyrimidine, 

2-amino-7-(p-D-ribofura^ 

2-amino^hlorD-7-(P-D-ribofuranosylHiy-pyiTolo[2^.rflpyri 

2-amino^hloro-5-methyl-7^^ 

^pyrimidine, 

1- (P-D-ribofuranosyl)4H.pyra2olo[3,4^pyrimidin-4(3Ji)-one, 
4-amino-l-(p-D-ribofuranosyl>lff-pyr^olo[3,4-d]pyrimidine, 

2- amino-6-chloro-9-(P-D-ribofuranosyl)-9fl r -purine, 
2-amino^hloro-7-(P-D-ribofi^^ 
caibonitrile, 

6-methyl-9-(P-D-ribofuranosyl>9H-purine, 
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2-amino-7-(2-deoxy-2-£luoro-^ 
d]pyrimidin-4(3fl)-one, 
2-amino-4-chlorcH7-(2-deoxy-2-flu^^ 
rf]pyrimidine, 
5 2-amino-7-(p-D-arabinofuranosyO^^ 
2-amino-7-(p-D-arabinofur^ 
^pyriimdin-5-caibonitiile, 
2-amino-5-methyl-7-(P-D-arabinofi^ 
4(3fl>one, 

10 9-(p-D-mbinofuranosyI>9ff-purin-6(l/0-one, 
l^D-arabinofiiranosyl)-lfl-cytosine, 
2-amino-4^hloro-5-methyl-7-(P-D-^ 
djpyiimidine, 

S'-deoxy^'-CfluoromethylJ-guanosine, 
15 2'-amino2 , -deoxycytidine, 

4-amincn7-(3-deoxy^p-D-ri^ 

carbonitrile, ' 

2' -0-methyladenosine, 

4-amino-7-(2-0-methyl-P-D-ri^^ 
20 S'-amino-S'-deoxy^'-O-methyl-adenosine, 

3 9 -deoxy-3 ' -methyl-uridine, 

6-amino-l-(3-deoxy-P-D-ribofuranos 

6-amino-l-(3^eoxy-3-fluoro-P-D-ribofuranosyl)-lH-imidazo[4,^ 
4(3fl)-one, 

25 2-amino-7-(2-deoxy-P-D-ribofiir^ 
rf]- pyrimidin-5-carbonitrile, 
S'-deoxy-r-O^-methoxyethy^ 
2'-amino-2 , -deoxy-uridine, 

2-amino-9-(P-D-arabinofuranosyl)-9H-purin-6(lfl>one, 
30 S'-deoxy-S'-methylguanosine, 

2 , -0-[4-(imidazolyl-l)butyl]guanosine, 

2*-deoxy-2'-fluoroguaiiosine, 

T -deoxyguanosine, 

2~amino-7-(2Kieoxy-2-fluoro-p-D-ribofuranosyl)-7H-p>Trolo 
35 4(3#)-one, 
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2-anuno-7-(3Kleo X y-p4).rito^ 

4pyrimidin-5-caibonitrile, 

2 -^no.5.iodo.7-(p^D-ribofuran(^l>7fl.p^ 
one, 

2 "^no-7-(3-deoxy-3-methyl-p-D-ri^^ 
d]pyrimidin-5-carbonitrile, 

2-aniino-7-(3-D-ribofu ra nosyl)-7ff-pyn-olo[2,3-d]p y ^ 
2.amino-7-(2-deoxy-P-D-ribofu ra nosyl>7^ P yrrolo[23^^ 



one, 



2-aminc>-7-(3-deoxy-3-methyl-P-D^^ 
<flpyriimdin-4(3#)-one, 

4(3fl)-one, 

e-^o-l^-O-methyl-P-D-ribofur^osyl^l^ 

^no-l-(2-deoxy^^^ 

6^nmo-l-(3^eoxy-3-n^^^^ 

4(5/?)-one, 

6™o-l-(2Hi e oxy-2-fW^^ 
20 4(5#)-one, 

6-anuno-HP-D-a^ 

2'-0-[2-(^,^ethylaminooxy)ethyl]-5-methyluridine, 
5-ethynyl-2 , -0-(2-methoxye%l).cyti(line, 

1- (2-C-methyl-P-D-arabinofuranosyl)uraci], 
25 2-amino-2'-0-methyladenosine, 

2 , -deoxy-2'-fluoroadenosine, 
3'-deoxy-3'-methyladenosine, 

2 - ^no-7-(2-deoxy-P-D-riboft^^^ 
4-^no-7-(3-deoxy-3^^ 

JO 5-caiboxamide, 

^«o-7-<3-deoxy-P-D-ribon^ 
carboxamide, 

4-anuno-7-(2-0- m ethyl-P-D-ribofumosylW^ 
4-aiiuno-7-(P-D-arabinofu ra nosylOT-pynolo[2,3^pyrimid 
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4-aimno-H3Kteoxy-3-fluoro-^ 

4-amino-7<P-D-ribofuranosyl)-7^^ (tubercidin), 
4,6^amino-7-(P-I>ribofiff^^ 
2-amino-7<3-deoxy-3-fluoro-P-D-ri^^ 
5 d]pyrimidin-5-carboxamide, . 

4-amino-l-(3-deoxy-P-D-ribof^ 
4-amino-l-(3-deoxy-3-methyl-P-D-ri^ 

4~amino-l-(P-I>ribofuranosylH^^ 
4-annno-H2-C-me%l-P-D-ribofi^ 
10 4-amino-7-(3-deoxy-3-fluoro-P-^ 
d]pyrimidine; and 

the corresponding 5'-triphosphates, 5*- 

[bis(isopropyloxycarbonyloxymethyl)]monophosphates f 5*-mono-(S-Ci^ 
alkanoyl-2-thioethyl)monophosphates, and 5'-bis-(S-Ci-4 alkanoyl-2- 
15 thioethyl)monophosphates thereof; 

or a pharmaceutically acceptable salt thereof. 

.■ 

13. The method of Claim 1 1 wherein the compound is selected 
from the group consisting of: 
20 2'-0-methyl-cytidine, 
2' -C-methyl-cytidine, 
3\5 '-di-0-octanoyl-2'-O-me%l-cytidine, 
3*-O-octanoyl-2'-0-methyl-cytidine, 

4-amino-Hp-D-ribofuranosylH^ 
25 4-amino-5-cyano-7-(2-C-methyl-P-D^ 
d]pyrimidine, 

4-amino-5-(aminocarbonyl)-7~(2-C-methyl-P-D-ribofuranosyl)-7ff- 
pyrrolo[23^pyrimidine, 
2'-C-methyladenosine, 
30 2 , -C-methyl-8-amino-adenosine > 
S'-deoxy-S'-methyl-cytidine, 
4-amino-7<3-deoxy-3-methyl-P-D-ribofii^ 
dJpyrimidin-5-carboxamide, 
4-amino-7-(3-deoxy-P-D-ribofuranosyl)-7ff^^ 



-216- 



PC17US02/01531 



4-amino-7-(3^^ 
carboxamide, 

3'-amino-3*-deoxyadenosine, 
2 -^™-3,4^ydro^^ 
<Ipyrimidin-5-carboxaraide, 
^™-HP-D-ribof^ 

2-an U no-3,4^hydro^xo-7-(P-D-ribofuranosylW-pyr ro l 0 [2,3. 
^pjriimdin-5-carbonitrile, 

2 -^no-5-ethyl-7Kp^^ 

one, ' 
^n°-l-(f^D-ribofi^ 

Z-anuno-T-CSKleoxy-P-D-ribofuranosyim-pynolop^ 
one, 

2'-0-methylguanosine, 

2 -^no-7-(2-0-me%l-p^^ . 
4(3fl>one, J 

2-amino-7-(2-ameth^ 
(3#)-one, 

7- (2-0-methyl-p-D-ribofu ra nosylOT- P yiTolo[23^pyrimi 

2-anuno-5- m ethyl-7-(3-D-ribof^osyI)-7ff-pynolo^^ 
one, 

2-aimno-3,4^^^ 

[2,3^pyrimidine-5-carbomtrile, 
2-^no-S-methy^^ 

d]pyriroidin-4(3fl)-one, 

8- azidoguanosine, 
8-aminoguanosine, 
8-bromoadenosine, 
8-aminoadenosine, 
8-bromoguanosine, 

4.ami n o-7-(3^eoxy-3-flqoro-P-D-ribofuranosyI)-7i/-pynx>lo[2,3-rfJ- 
pyrimidin-5-carboxamide, 

2-amwo^chloro-7-<2-0^ 

^pyrimidin-5-carbonitrile, 
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2-amino^Woro-5^thyl^ 
d] pyrimidine, 

2-amino^hloro-5-met^^ 
[2 f 3-d]pyrimidine, 

2-amino-7-(P-D-ribofiii^osyl)-7^ 
2-amino-4^Moro-7-(P-D-ribof^ 
2-amino-4-cMoro-5-methyl-7-(P-D-ri^^ 
flpyrimidine, 

2-amino-7-(2-deoxy-2-fluoro-P-D-arab^ 

flpyrimidin-4(3/f)-one, 

2-amino-7KP-D-arabinofuranosy^^ 

4-amino-H2-C-methyl-^ 

and 

2-amino-7-(P-D-a^ 

d]pyriirddin-5K^rbonitrile; and 

the corresponding S^triphosphates, 5 f - 

[bis(isopropyloxycarbonyloxymethyl)]monophosphates, 5'-mono-(S-pivaloyl- 
2-thioethyl)monophosphates, and 5'-bis-(S-pivaloyl-2- 
thioethyl)monophosphates thereof; 
or a pharmaceutically acceptable salt thereof. 

14. The method of Claim 12 wherein the compound is selected 
from the group consisting of: 
r-O-methyl-cytidine, 
r-C-methyl-cytidine, 
S'^'-di-O-octanoyl^'-O-methyl-cytidine, 
3 , -0-octanoyl-2'-0-methyl-cytidine, 

4-ammo-l-(P-D-ribofiiranosylH^ 

4-amino-5-cyano-7-(2-C-me%l-P-D-ri^^ 

JJpyrimidine, 

4-amino-5~(aminocarbonyl)-7-(2-C-methyl-P-D-ribofuranosyl)-.7^- 

pyrrolo[2,3--d]pyrimidine, 

2*-C-methyladenosine, 

T -C-methyl-8-amino-adenosine, 
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3'-deoxy-3'-methyl-cytidine, 
4-amino-7K3^ 

^pyrimidin-5-carboxamide, 

4-a^no-7-(3-deo^^^ 
carboxamide, 

3 '-amino-S'-deoxyadenosine, 
2-ainino-3^^ 

flpyrimidin-5-carboxamide, 
4-an>mo-7-(P-M^ 

Z-armno-a^hydro^xo-T-tp-D-ribofuranosyD-Tff-pyrTolo^- 
flpyriniidin-5-caibonitiile, 

2-^o-5*thyI-7-(P^^ 

one, 

^no-l^-D<iboW 

2-aimno-7-(3^eoxy^D-riboitaosyl>7H-pyiTolo[2,3-flpyii m i 
one, 

2'-0-methylguanosine, 
2-aniino-7-^^ 
20 4(3fl>one, 

2-amino-7-(2^^^ 
(3//)-one, 

H2-0-methyl.^D-ri^^ 

2-amino^methyl^D-ribofurano 
25 one, 

2-amino-3,4^^^ 

[2,3-^pyrimidine-5-carbonitriJe, 
2-amino-5-methy^ 

d]pyrimidin-4(3#)-one, 
30 8-azidoguanosine, 
8-aminoguanosine, 
8-bromoadenosine, 
8-aminoadenosine, 
8-bromoguanosine, 
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4-amno-7-(3-deoxy-3-fluoro^ 
pyrimidin-5-carboxamide, 
2-amino^hloro-7-(2-0-met^ 
d]pyrimidin-5-carbonitrile, 
5 2-amino^Moro-5^thyl-7<2-<>^^ 
d\ pyrimidine, 

2-amino^hloro-5-methyl-7-(2-0-methyl-p-^^ 
[2,3-^pyrimidine, 

2-amino-7<P-D-ribofiiranosyl)-7^^^ 
10 2-amino^hloro-7^p-D-ribofu^ 
2-anuno^hloro-5-methyl-7-(P-D^^ 
rfjpyrimidine, 

2-amino-7-(2^eoxy-2-fluoro-P-I>^ 
flpyrimidin-4(3fl)-one, 
15 4-amino-l-(2-C-methyl-P-^^ 
2^no-7KP-D-arabinofu^ 
and 

2-amincK7-(P-D-arabinofuranosyl^ 
d]pyrimidin-5-carbonitrile; and 
20 the corresponding S'-triphosphates, 5'- 

t[bis(isopropyloxycarbonyloxymethyl)]monophosphates, 5'-mono-(S-pivaloyl- 
2-hioethyl)monophosphates, and 5'-bis-(S-pivaloyl-2- 
thioethyl)monophosphates thereof; 
or a pharmaceutical^ acceptable salt thereof. 

25 

15. The method of Claim 13 wherein the compound is selected 
from the group consisting of: 
2'-0-methyl-cytidine, 
2'-C-methyl-cytidine, 
30 S'^'-di-O-octanoyl^'-O-methyl-cytidine, 
3'-0-octanoyl-2'-0-methyl-cytidine, 
4-ammo-Hp-D-ribofiu^ 
4-amino-5^yano-7-(2-CHaaethyl-P-D-ri^ 
d]pyriirridine, 
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4-anrino-5-(^^ 
pyrrolo[2,3-d]pyrimidine, 
2'-C-methyIadenosine, 
2 , "C-methyl-8-amino-adenosine, 



8-oromopuanosine, 



8-aminoguanosine, 
8-aminoadenosine, 
^anuno-7K3-deox^^ 

10 *-^ n ^ Mor ^^^^ [2 ,3- 

1U d] pynmidine, L ' 

2 -^noO,4^ydro^xo-7^^ 

^pyrimicHn-5-carboxamide, 

^°-H2-C- ffi ethyl^^ 

2 -^°^hloro-H2-0^^^ 
15 d]pyrimidin-5-carbcMiitrile; 

and the corresponding ^triphosphates thereof; 

2^0-methylcytiaane-5'^ 

^"^^xy-P-D^^ 

flpyriiriidine-5^n)is-(S-pivaIoyl-2-tWoethyl)phosphate] 

20 3 '^W^ine-5^[bis-(5-pivaloyl-2-thioe%l) P hos P hate]^ and 

3'-deoxycytidine-5'-[bis-(5-pivaloyl-2-thioethyl)phosphate]; 
or a pharmaceutically acceptable salt thereof. 

9« <v u 16 " ThemethodofC1 ^ 14 wherein the compound is selected 
■£> irom the group consisting of: 

2'-0-methyl-cytidine, 
2'-C-methyl-cytidine, 

S'.S'-di-Ooctanoyl^'-O-methyl-cytidine, 
S'-O-octanoyl^'-O-methyl-cytidine, 
30 ^ n °-HM>ribofur^ 
^no-S^yano-T-G-C^^ 
flpyrimidine, 

4-arnino-5-(anunocarix)nylHK2-C- m ethyl-p.D-ribotao 
pyrrolo[23-(iIpyrimidine, 
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2 , -C-methyladenosine, 
2'-C-methyl-8-amino-adenosine, 
8-bromoguanosine, 
8-aminoguanosine, 
5 8-aminoadenosine, 

4-amino-7-(3^eoxy-P-D-ribofur^^ 
2-amno^-cMon)-5^thyl^ 
d\ pyrimidine, 

4-amino- 1 -(2- C-methyl-p-D-ribofuranosyl)- 1 #-pyrazolo[3 ,4-d]pyrimidine, 
10 2-aimno-3,4-dihydro^Ktt^ 

rflpyrimidin-S-carboxamide, 

2-amino^hloro-7^2-0Hne%l-P^^ 

d]pyrimidin-5-carbonitriIe; 
and the corresponding 5'~triphosphates thereof; 
15 ^-O-methylcytidine-S'-^^ 

2-amino-7-(3^oxy-p-D-ribofro^ 

^pyrimidine-5'-[his-(S^ 

S'nieoxyguanosine-S'-l^is-^pivaloyl^-thioethyOphosphate], and 
3'^oxycytidine-5'-[bis-(S-pivaloyl-2-thioethyl)phosphate]; 
20 or a pharmaceutical acceptable salt thereof. 



17. The method of Claim 15 wherein the compound is selected 
from the group consisting of: 
2'-0-methylcytidine, 
25 . 2'-C-methylcytidine, 

S'.S^-di-O-octanoyl^'-O-methyl-cytidine, 
3 ' -O-oc tanoyl-2 1 -O-methyl-cytidine, 
4-amino4-(P4)-ribofiiranosyl)-lfr^ 
4-anuno-5^ya^o-7-(2-C-me%l-P-D-ribofu^ 
30 d]pyrimidine, 

4-amino-5Kaminocarbonyl)-7-(2-C-methyl-P-D--iibofuranosyl)-7//- 

pyrroloP.S-rflpyrimidine, 

2'-C-methyladenosine > 

2'-0-methylcytidine-5'-[bis-(5-pivaloyl-2-thioethyl)phosphate], 
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2-amino-7-(3-deoxy-^^ 

flpynmidine-5'-[bis-(5-pivaloyl-2-thioethyl)phosphate],and 

3'-deoxycytidine-5'-[bi S ^.pivaloyl.2.thioethyl)phosphate]; 
or a pharmaceutically acceptable salt thereof 

5 

18. The method of Claim 16 wherein the compound is selected 
trom the group consisting of: 

2'-0-methylcytidine, 

2'-C-methylcytidine, 

10 3 '» 5, -di-0-octanoyl-2'-0-methyl-cytidine, 
3'-0-octanoyl-2'-0-methyl-cytidine, 
^no-l-(|U)-ribon^ 

^no-5-cyano-7-<2-C-me m ^^^^^ 
rflpyrimidine, 

4-anuno-5-(aminocarbon^^ 
pym>lo[2,3-d]pyrimiaine, 
2'-C-methyIadenosine, 

2^0- me %lcytidine-5^[bis-(S-pivaloyl-2-thioemyl)phosphate^ 
2 -^»o-K3-deoxy-0-D^^ 

4Jpynimdine-5^rbis-(S-pivaloyl.2-thioethyl)phosphate], and 

3^deoxycytidine.5'-[bis-(5-pivaloyl-2-thioethyl)phosphate]; 
or a pharmaceutically acceptable salt thereof. 



15 



25 



30 



19. The method of Claim 1 wherein said RNA-dependent RNA 
viral polymerase is Flaviviridae viral polymerase or Picornaviridae viral polymerase 
and Sai d RNA-dependent RNA viral replication is Flaviviridae viral replication or 
Picornaviridae viral replication. 

20. The method of Claim 19 wherein .said Flaviviridae viral 
po ymerase is selected from the group consisting of hepatitis C virus polymerase 
yellow fever virus polymerase, dengue virus polymerase, West Nile virus polymerase 
Japanese encephalitis virus polymerase, Banzi virus polymerase, and bovine viral ' 
diarrhea virus (BVDV) polymerase and said Flaviviridae viral replication is selected 
from the group consisting of hepatitis C virus replication, yellow fever virus 
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replication, dengue virus replication, West Nile vinis replication, Japanese 
encephalitis virus replication, Banzi virus replication, and bovine viral diarrhea virus 
replication. 

5 21 . The method of Claim 20 wherein said Flaviviridae viral 

polymerase is hepatitis C virus polymerase and said Flaviviridae viral replication is 
hepatitis C virus replication. 

22. The method of Claim 2 wherein said RNA-dependent RNA 
10 viral infection is Flaviviridae viral infection or Picornaviridae viral infection. 

23. The method of Claim 22 wherein said Flaviviridae viral 
infection is selected from the group consisting of hepatitis C virus infection, yellow 
fever virus infection, dengue virus infection, West Nile virus infection, Japanese 

15 encephalitis virus infection, Banzi virus infection, and bovine viral diarrhea virus 
infection. 1 

24. The method of Claim 23 wherein said Flaviviridae viral 
infection is hepatitis C virus infection. 

20 

25. A compound of structural formula IV of the indicated 
stereochemical configuration: 




ft 3 ft 2 



(IV) 



25 wherein B is selected from the group consisting of 
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A, G, and L are each independently CH or N; 

D is N, CH, C-CN, C-N0 2 , C-C1.3 alkyl, C-NHCONH 2 C-CONRllRll 
C-CSNRHRll, C-COORH, C-C(=NH)NH 2 , Chy^, C-d.3 altoxy, C-annno, 
5 C-C M alkylamino, C-di(Ci_4 alkyl)amino, C-halogen, C-(U-oxa2ol-2-yl), C-(13- 
thiazol-2-yl), or C-(umoW2-yl); wherein alkyl is unsubstituted or substituted with 
one to three groups independently selected from halogen, amino, hydroxy, carboxy, 
and C1.3 alkoxy, 

E is N or CR5; 
10 WisOorS; 

XisO,CH2,orCF2; 

Rl is hydrogen, C 2 -4 alkenyl, C 2 -4 alkynyl, or C lA alkyl optionally substituted with 
ammo, hydroxy, or 1 to 3 fluorine atoms and one of R2 and R3 is hydroxy or Cm 

alkoxy and the other of R2 and R3 is selected from the group consisting of 
15 hydrogen, 

hydroxy, 

halogen, 

Ci_4 alkyl, optionally substituted with 1 to 3 fluorine atoms, 
Cmo alkoxy, optionally substituted with C1-3 alkoxy or 1 to 3 fluorine 
20 atoms, 

C2-6 alkenyloxy, 

C1-4 alkylthio, 

C1-8 alkylcarbonyloxy, 
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aryloxycarbonyl, 

azido, 

amino, 

Ci-4 alkylamino, and 
5 di(Ci^ alkyl)amino; or 

R2 is hydrogen, C2-4 alkenyl, C2-4 alkynyl, or Ci-4 alkyl optionally substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms and one of Rl and R3 is hydroxy or Ci-4 
alkoxy and the other of Rl and R3 is selected from the group consisting of 
hydrogen, 
10 hydroxy, 
halogen, 

C1.4 alkyl, optionally substituted with 1 to 3 fluorine atoms, 
Ci-io alkoxy, optionally substituted with hydroxy, C1.3 alkoxy, carboxy, or 1 
to 3 fluorine atoms, 
15 C2-6 alkenyloxy, 

Ci-4 alkylthio, » 
Ci-8 alkylcarbonyloxy, 
aryloxycarbonyl, 
azido, 

20 amino, 

C1-4 alkylamino, and 
di(Ci-4 alkyl)amino; or 

Rl and R2 together with the carbon atom to which they are attached form a 3- to 6- 

membered saturated monocyclic ring system optionally containing a heteroatom 
25 selected from O, S, and NC0-4 alkyl; 

R4 and R6 are each independently H, OH, SH, NH2, C1-4 alkylamino, di(Ci^ 

alkyl)amino, C3.6 cycloalkylamino, halogen, C1-4 alkyl, Ci-4 alkoxy, or CF3; 

R5 is H, C1-6 alkyl, C2-6 alkenyl, C2-6 alkynyl, Ci-4 alkylamino, CF3, or halogen; 

Rl4 is H, CF3, alkyl, amino, Q-4 alkylamino, C3-6 cycloallqrlamino, or 
30 di(Ci-4 alkyl)amino; 

R7 is hydrogen, amino, Q4 alkylamino, C3-6 cycloalkylamino, or 

di(Ci-4 alkyl)amino; 

each Rl 1 is independently H or Ci-6 alkyl; 
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R8 is H, halogen, CN, carboxy, C M alkyloxycarbony,, N 3 , amino, C M alkylamino 

(Ci^ alkyl)o.2 aminomethyl; 

R12 and R13 are each independently hy<kQg ^ 

fluoromethyl; and 

R9 and RlO are each independently hydroxy, OCH 2 CH 2 SC(=0)Ci^ alkvl 
OCH 2 0(C=0)OC M alky,, NHCHMeC02Me, OCH(C W alkyl)0(C^C M alky,, 

0(CH2) 9 CH 3 0! OCO(CH 2 ) 14 CH 3 

provided that at least one of R9 and RlO is not hydroxy. 

26. The compound of Cairn 25 of structural formula V of the 
indicated stereochemical configuration: 



R 10 -K ^ .0. B 



w 



R 3 R 2 
(V) 



15 wherein B i 



is 



R' 



6 




R 



N 



I I or R 8 --f ,| , 

D is N, CH, C-CN, CN02, CC1.3 dkyl, C-NHCONH, C-CONRl lRll 
C-CSNRllRll, M00RI1 , c . hjdrojy ^ 3 — ■ 

alkylammo. C-di(CM fltfMw, C-Wogen, C{l,3-oxazol-2-yl), CKl^aroM- 
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yl), or C-(imidazol-2-yl); wherein alkyl is unsubstitiited or substituted with one to 
three groups independently selected from halogen, amino, hydroxy, carboxy, and 
Ci-3 alkoxy; 

WisOorS; 
5 EisNorC-R5; 

Rl is hydrogen, C2-4 alkenyl, C2-4 alkynyl, or C1-4 alkyl optionally substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms and one of R2 and R3 is hydroxy or C1-4 
alkoxy and the other of R2 and R3 is selected from the group consisting of 



di(Ci-4 alkyl)amino; or 
R2 is hydrogen, C2-4 alkenyl, C2-4 alkynyl, or C1-4 alkyl optionally substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms and one of Rl and R3 is hydroxy or Ci-4 
alkoxy and the other of Rl and R3 is selected from the group consisting of 



15 



10 



hydrogen, 
hydroxy, 
halogen, 
Cl-3 alkyl, 
trifluoromethyl, 
Q.4 alkoxy, 
C1-4 alkylthio, 



20 



Ci-8 alkylcarbonyloxy, 

aryloxycarbonyl, 

azido, 

amino, 

Ci-4 alkylamino, and 



25 



hydrogen, 
hydroxy, 
fluoro, 
Ci^ alkyl, 

trifluoromethyl, 

C 1-4 alkoxy, 

Ci_4 alkylthio, 

Ci-8 alkylcarbonyloxy, 

azido, 

amino, 

Ci-4 alkylamino, and 



30 



35 
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diCCi^ alkyl)amino; or 
Rl and R2 together with the carbon atom to which they are attached form a 3- to 6- 

5 R4 and R 6 ^ ^ independently ^ qh, SB. NH 2 , C M alkylamino, di(C^ 
attyl)ammo, C 3 -6 cycloalkylamino, halogen, C M alkyl, C M alkoxy, or CF 3 ; 
R5 is H. C M alkyl, C 2 . 6 alkenyl, C 2 . 6 alkynyl, C M alkylamino.CFs, or halogen; 
R' is hydrogen, amino, C M alkylamino, C 3 -6 cycloalkylamino, or 
di(Ci_4 alkyI)amino; 
10 each Rl 1 is independently H or Ci^ alkyl; 

mrci ' ^ N 3. — * Q-4 alkylamino, 

d.(C M a^annno, hydroxy, C W alkoxy, c W alkylthio, C M alkylsulfonyl, or 
(Ci^alkyl)o_2aminomefoyl;and 

R9 and RlO are each independently hydroxy, OCH 2 CH 2 SC(=0)C M alkyl or 
15 OCH20(C^)CMa^ 

27. The compound of Claim 2 6 of structural formula Vt 




20 wherein B is 




D is N, CH, C-CN, C-NC^, C-C1.3 alkyl, C-NHCONH 2 , C-CONRllRll, 
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C-CSNRllRll, C-COORll, C-hydroxy, C-Ci-3 alkoxy, C-amino, C-C14 

alkylamino, C-di(Ci-4 alkyl)amino, C-halogen, C-(l,3-oxazol-2-yl), C-(l,3-thiazol-2- 

yl), or C-(imidazol-2-yl); wherein alkyl is unsubstituted or substituted with one to 

three groups independently selected from halogen, amino, hydroxy, carboxy, and 
5 C1-3 alkoxy; 

WisOorS; 

Rl is hydrogen, C2-4 alkenyl, C2-4 alkynyl, or Ci_4 alkyl optionally substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms and one of R2 and R3 is hydroxy or Ci-4 
alkoxy and the other of R2 and R3 is selected from the group consisting of 
10 hydrogen, 

hydroxy, 

fluoro, 

Cl-3 alkyl, 

trifluoromethyl, 
15 C1-3 alkoxy, 

Ci-8 alkylcarbonyloxy, and 

amino; or 

R2 is hydrogen, C2-4 alkenyl, C24 alkynyl, or Cm alkyl optionally substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms and one of Rl and R3 is hydroxy or Ci«4 
20 alkoxy and the other of Rl and R3 is selected from the group consisting of 

hydrogen, 

hydroxy, 

fluoro, 

Cl-3 alkyl, 

25 trifluoromethyl, 
C1-3 alkoxy, 

Ci-8 alkylcarbonyloxy, and 
amino; or 

Rl and R2 together with the caibon atom to which they are attached fonn a 3- to 6- 
30 membered saturated monocyclic ring system optionally containing a heteroatom 
selected from O, S, and NC()-4 alkyl; 

R6 is H, OH, SH, NH2, Ci-4 alkylamino, di(Ci_4 alkyl)amino, 

C3-6 cycloalkylamino, halogen, C14 alkyl, C1.4 alkoxy, or CF3; 

R5 is H, C1-6 alkyl, C2-6 alkenyl, C2-6 alkynyl, C1.4 alkylamino, CF3, or halogen; 
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RTis hydrogen, amino, C M alkylamino, C 3 -6 cycloalkylamino, or 
OHM-4 alky])amino; 

each Rl 1 is independently H or Ci_ 6 alkyl; 

R8 is H, halogen, CN, carboxy, C M alkyloxycarbonyl N, amino r, , fl iK,, • 

(Ci^alkyl)o-2aminomethyl;and ^«mronyi,or 

OCH 2 0(C=0) lPr> p rovi ded that at least one of R9 and RlO is not hy Ly. 

of: ' 6 compound of Clai m 27 selected from the group consisting 

2^ammo-7^ 

4pvnm«hne-5^is-^^ PW3 
3'^eoxyguano^^ 

2-amemylguanosme-5^is^ty^^ 
2 

8.bromo-2-0-me % ,guanosine-5^^^^ 

^P^ne-S^is-C^^ P ^ ^ 

2-annno-5-bromo.7-(3Kleoxy-p.D-ribofuranosyl)-3,4^ nvrm , n , 

^midme-5^is. ( 5-piva,oy^^ 

2-0- m ethylcyddine-5V [ bis(isopro P yloxycarbonyIox W ^ 

Claim 27 a „H ^ A Ph ™ aCeUtiCal com P°*tion comprising a compound of 
Claim 27 and a pharmaceutical^ acceptable carrier. 

ink'K'f - „xt. 30 ' Thephannaceutica I composition of Claim 29 useful for 
inmb^gRNA-dependentRNA viral 

vual ^cation, and/or t-atingRNA^ndentRNA vlrallnfection 
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3 1 . The pharmaceutical composition of Claim 3 1 wherein said 
RNA-dependent RNA viral polymerase is HCV NS5B polymerase, said RNA- 
dependent RNA viral replication is HCV replication, and said RNA-dependent RNA 
viral infection is HCV infection. 

32. The pharmaceutical composition of Claim 31 in combination 
with a therapeutically effective amount of another agent active against HCV. 

33. The pharmaceutical composition of Claim 32 wherein said 
10 agent active against HCV is ribavirin; levovirin; thymosin alpha-1; an inhibitor of 

NS3. serine protease; an inhibitor .of inosine monophosphate dehydrogenase; 
interferon-a or pegylated interferon-a, alone or in combination with ribavirin or 
levovirin. 

15 34. A method of inhibiting HCV NS5B polymerase, inhibiting 

HCV replication, and/or treating HCV infection in a mammal in need thereof 
comprising administering a therapeutically effective amount of a compound of Claim 
1 in combination with a therapeutically effective amount of another agent active 
against HCV. 



20 



25 



30 



35. The method of Claim 34 wherein said agent active against 
HCV is ribavirin; levovirin; thymosin alpha-1; an inhibitor of NS3 serine protease; an 
inhibitor of inosine monophosphate dehydrogenase; interferon-a or pegylated 
interferon-a, alone or in combination with ribavirin or levovirin. 

36. Use of a compound of any one of Claims 1, 3, 5, 7, 9, 1 1, 13, 

15. 17, and 25-29 in the manufacture of a medicament for inhibition of RNA- 
dependent RNA viral polymerase or inhibition of RNA-dependent RNA viral 
replication in a mammal. 

37. Use of a compound of any one of Claims 2, 4, 6, 8, 10, 12, 14, 

16. 18, and 25-29 in the manufacture of a medicament for. treatment of RNA- 
dependent RNA viral infection in a mammal. 
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38. Use according to Claim 36 for the manufacture of a 
****** ^ P ° IymeraSe ° f inhibiti ° n ° f HCV repIication in a 

5 39. UseaccordingtoClaim37forthemanufactureofa 

medicament for treating HCV infection in a mammal. 

40. Use according to Claim 39 in combination interferon-a or 
pegylated interferon-a, alone or in combination with ribavirin or levovirin. 

41. A compound selected from the group consisting of: 
3 ,5 -di-0-octanoyl-2'-C>-methyl-cytidine, 
4-amino-7-(3-de«xy^^ 

carboxamide, 

15 2-anuno-5-emyI-7-(P-D-ribofurar,osyl>7^^ 
2-annno-7-(3-deo X y-P-D- ri bofuranosylOT-p^ 

7 -(2-0-memyl-0.^^ ^ 
20 2-ammo-3,4-tfh y dr^^ 3 . 
^pyrimidin-5-carbonitrile, 
2«o-5-memyl-7-(^^ 

25 ^n^ 

2-arnmo-4-chlo^^ 
ajpyrirmdine, 

2-annno^hloro-5-memyl-7-(2-0-memyl-^^ [2 3 . 

flpyrirnidine, 

30 2-arnmo-7-(2-0-memyl^D-ribo^ 
tnione, 

2-armno^hJoro-7-(2- 0 -memy^^ 
2-ammo-4« W oro^^ 

35 ^^^^ 
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2-amino-4-cMoro-7^2-cleoxy-2-fluoro-^^ 
djpyrimidine, 

2-amino-7-(P-D-arabinofuranosyl)^ 
carbonitrile, 

5 9-(P-D-arabinofuranosyl)-9H-purin-6(l/0-one, 
S'-amino-S'-deoxy^'-O-methyl-adenosine, 
6-amino-l-(3-deoxy-P-D-ribofunmosyl^^^ 
6-arnino-l-(3-deoxy-3-fluoro-P-D-riboto 
one, 

10 S'-deoxy^'-OKi-methoxyethyl^'-methyl-S-methyluridine, 
2-arrino-7-(3-deoxy-p-D-ribofuran^^ 
i]pyrimidin-5-carbonitriIe, 

2-arninc-7-(3-deoxy-3-methyl-p-D-rib^^ 
carbonitrile, 

15 2-annno-7-(3-deoxy-3-methyl-p-D-rib^^ 
one, t 

2^no-7-(3-deoxy-3-fluoro^P-D-ribof^ 
one, 

6-armno-H2-0-me%l-P-D-ribofiuanosyl)-lH-irnidazo[4,5-c]p 
20 6-ainino-l-(3-deoxy-3-methyl-p-D-ribof^ 
one, 

6-aMno-l-(2-deoxy-2-fluoro-P-D-ribof^ 
one, 

1 -(2-C-methyl-P-D-arabinofuranosyI)uracil, 
25 4-annnc-l-(3-deoxy-3-f]uoro-p-D-rito^ 

2-amino-7K-3<ieoxy-3-fluoro-P-D-ribofuranosyl>7H-pyiTo]o- 
[2,3-d]pyrimidin-5-carboxamide, 
4-ainino-l-(2-C-me%l-p^-ribof^ 
4-ainino-l-(3-deoxy-P-D-ribofuranosy^ 
30 4-anuno-l-(3-deoxy-3-methyl-p^D-ribof^ 
and the corresponding 5 '-triphosphates; 
or a pharmaceutically acceptable salt thereof. 
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